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in tuberculosis. 


Hematological 

Variations in the Blood Cells of Guinea Pigs inoculated 
Intracutaneously or Percutaneously with BCG Vaccine. 

By 

KONRAD BIRKHAUG and HALFDAN SCHJELDERUP. 
(Submitted for publication December C, 1944). 


In our 1944 comparative experimental investigation on tlie 
»Protective Value of the Intracutaneous and Percutaneous jMethods 
of BCG Vaccination» (1), we concluded that Rosenthal’s multiple 
puncture (2), Weill-Hall6’s scarification (3) and V^allgren’s intra- 
cutaneous (4) BCG vaccination methods, each is capable of producing 
a significant relative resistance against a \irulent tuberculous in- 
fection. On further bacterio-pathological examinations, we decided 
that Rosenthal’s multiple puncture method stimulated the most 
rapid allergj’^ and potent tuberculosis resistance. The present hema- 
tological study bn these variously immunized and subsequently 
infected animals was undertaken as intra vilam control on the 
progress of the tuberculous disease. 

Earlier studies on blood cells in experimental and clinical tu- 
berculosis (5) clearly emphasize tliat »the blood picture in tubercu- 
losis can hardly be said to be pathognomonic, but should be of 
considerable aid in diagnosis. HoAvever, its greatest service is in 
prognosis, since the quantitative abnormal changes in the cells 
are progressive with advancing disease.)? Our repeated reviews of 
J — Acta med. scandinav. Vol. CXXI. 
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tins literature should make it unnecessary to reiterate the import- 
ance of hematology in tuberculosis. On the other hand, we shall 
briefly connect the present study A\ith its previous experimental 
data (1). 


Materials and methods. 

Fortjf-eight normal and tuberculin negative albino guinea pigs, 
■weighing between 454 and 485 gms, were divided into four equal 
groups, each containing 6 male and 6 female animals. Tliree groups 
were epilated in the right lumbo-sacral region with a paste made 
up of equal parts of barium sulphite and wheat flour mixed vith 
water. The skin was afterwards thoroughly washed with lukewarm 
Avater. Vaccination with BCG took place the following day. The 
vaccine was freshly prepared from a 3 weeks old Sauton culture 
film and was made to contain 20 mg BCG per ml for the multiple 
puncture and scarification methods and 0.5 mg per ml for the 
intracutaneous injection. These doses are identical with the con- 
centrations of BCG employed on man. 

The multiple puncture group was given a total of 40 punctures 
with our 8-needied apparatus pressed heavily against the skin 
previously moistened until the 20 mg/ml vaccine emulsion. An 
interspace of 3 — 4 mm Avas alloAved betAveen each of the 5 roAvs 
of punctures. After vaccination a fcAV drops of the Amccine emul- 
sion were spread over the punctured area and a sterile tissue paper 
covered this area in order to retain the moisture in approximately 
5 minutes. Tlie paper Avas then removed and no extra bandage 
Avas applied to the vaccinated area. 

The scarified group of animals Avas prepared in the same 
manner except that 5 lines of approximately 4 cm’s length and 
3 — 5 mm apart Avere made AAith the vaccination lancet pressed 
hard against the skin, in the manner of the Pirquet tuberculin 
test. 

'^Tlie intracutaneous group of animals was injected Avith 0.1 ml 
BCG vaccine containing 0.5 mg/ml. Tlie injection was made sloAvly 
in the uppermost layer of the epidermis so as to form an elevated 
papule in the middle of the epilated area. 



nEJIATOLOGICAL STUDIES IN TUDEUCULOSIS 


3 


Post-vaccination Reactions. 

The iivflarwiualorj' vaccination reactions increased steadily 
during the first week until the multiple puncture papules and the 
scars measured 2-4 mm in width and 1-2 mm in height while 
the intracutaneous vaccination site became palpabl}^ indurated. 
Approximately 3 Avceks after vaccination, the inflammatory reac- 
tions began to fade in the scarified animals while they persisted in 
the multiple puncture papules. The ensuing cold abscess in the 
intracutaneous group invariably perforated during the third and 
fourth week. Complete resorption and healing of the vaccination 
lesions occurred approximately 40 days aflcr vaccination. The 
axillary and inguinal glands on the vaccinated side became palp- 
ably enlarged and firm during the first month after vaccination 
and remained h3T)ertrophicd, cspcciallj’’ in the multijile puncture 
group, for as long as 4 — 5 inontlis aflcr vaccination. 

The development of allerg}' was determined by injecting 10 mg 
tuberculin intradermally in all the vaccinated animals. Already 3 
weeks after vaccination 100 percent of the multiple puncture 
group reacted intensely with induration and erythema, nie scari- 
fied and intracutaneous groups gave 100 percent jiositive tuberculin 
reactions first 8 weeks after vaccination. 

Fifty-eight days after vaccination when all the animals had 
become allergic, all the vaccinated animals and the control group 
were inoculated inhapcriioncalbj Avith 0.000.1 mg of a liighly viru- 
lent strain of human tubercle bacilli (dI’iixcu!)). 41iis dose gave rise 
to 1283 eugonic colonies on Lowenstein’s egg medium in the course 
of 10 Aveeks incubation. We may infer therefore that each animal 
received approximately 1300 Auable and virulent tubercle bacilli. 
The intraperitoneal inoculation route Avas chosen in order to avoid 
unnecessary suppuration from the inoculated site during the 
blood Avork manipulations, Avhich is ahvays the case folloAving 
the subcutaneous inoculation in the hind leg. It .should be borne 
in mind that the intraperitoneal inoculation Avith virulent tubercle 
bacilli entails a- more rapid absorption and spread of the bacilli 
than does the subcutaneous inoculation AA-hich produces a sloAver 
progression of ensuing tuberculous lesions, in accordance Avitli the 
law of Cohnheim, The intraperitoneal inoculation presents there- 
fore a gi’eater tax on the iirotcctive mechanism in the immunized 
animals than does the subcutaneous inoculation. 
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Post-infection Reactions. 

The intracutaneous tuberculin test -svitli 10 mg tuberculin 
was made on all the four groups of animals 8 weeks after the viru- 
lent inoculation. All the animals gave positive reactions. Tlie 
control group reacted most intensely with an average induration 
measuring 2154 mm^ and central necrosis measuring 312 mm®. The 
vaccinated groups reacted less intensely and extensively. Tlius 
the scarified group reacted with 1712 mm^ induration and 194 mm® 
central necrosis, the intracutaneous group respectively vdth 1526 
mm® and 168 mm® and the multiple puncture group vdth 1394 mm® 
and 121 mm®. If we suppose that the intensity of tlie tuberculin 
reactions mirrors the succession of events associated with visceral 
tubercle formation through successive stages of bacteriostasis and 
other immune mechanical barrier influences produced by the 
immunization with BCG, then by comparing the control group 
tuberculin reactions with the immunized group reactions, it does 
appear as if the tuberculous infection proceeded most slowly in the 
multiple puncture group, a little more rai)idly in the intracutaneous 
gi’oup and still more rapidlj’- in the scarified grouj). 

Our presupposition Avas verified at autopsy of the eight con- 
trol animals (66.7 percent) Avhich succumbed witli generalized 
tuberculosis between the sixty-eight and one-hundred-and-second 
da 3 '' after the vinilent inoculation, of Iaa'o intracutaneous animals 
(16.7 percent) and one scarified animal (8.3 percent) which also 
died of generalized tuberculosis 101 — 108 days after the virulent 
inoculation. None of the multiple puncture animals had died spon- 
taneously up to this time. 

All the surviving animals were Idlled 103 — 110 daj's after the 
virulent inoculation in order to make a comparalde quantitative 
assessment of the degree of tuberculosis within each group. The 
macroscopic scoring of tuberculous involvement in the vaccinated 
and control animals, as well as the exact quantitative assessment 
of the volume and w’’eiglit of individual organs and glands, subse- 
quently treated statistical^, brought further verification of our 
presupposition. The multiple puncture group presented the smallest 
degree of tuberculous lesions, the scarification and intracutaneous 
groups still more tuberculosis wdiile the control group show^ed 
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excessive^ greater tiibercuioas lesions than the BGG-iminunized 
^•oups. Bacteria] cultures of the homogenized spleen from the 
vaccinated and control animals revealed per 0.002 g splenic tissue 
0.3 tubercle bacillus in the multiple puncture group, 2.5 bacilli in 
the intracutaneous group, 3.5 bacilli in the scarification group and 
50.1 bacilli in the control group. 

These striking immunizing effects of the 3 pai’enteral methods 
of BCG-vaccination gave 100 percent significant de\dations from 
the control quantitative data in ever}’- one of the vaccinated groups. 
By fine-combing the quotients of probable error (t) for each of the 
vaccinated groups, it was apparent that the multiple pimcture group 
scored a slightly higher protection against the virulent superinfec- 
tion than the scarification and intracutaneous groups. But the 
essential fact remains that any one of the parenteral BCG-vaccina- 
tioii methods jdclded dc\dalions from the unprotected control 
group which were larger than 3 times their jirobablc error and as 
such of undisputed statistical significance. It now remains to be 
seen if the present hematological study of each type of white blood 
cell, the monocyte-lymphocyte and neulrophile-lyinphocytc ratios 
and the leukocytic index in each of the four groups of animals will 
substantiate the j)ost-morlcm findings. 


Hematological investigation. 

The normal base-line values dor total white colls, each type 
of cells or cellular ratios or comlnnations, wore made oji the basis 
of 12 animals in each of the four groups under discussion. 'I'lie 
assessment of the bi-wcekl}’^ deviations in the blood cells from the 
established normal base-line values, was not done on the basis of a 
common normal value for all the groups, but on the basis of the 
pre-vaccination values obtained in each particular animal group. 
Complete white cell counts were made 2 and 5 weeks after the pa- 
renteral BCG-vaccination and every other week after the virulent 
superinfection until the experiment was terminated 14 weeks later. 
Thus the entire hematological investigation comprises 4S0 total 
and 480 differential white cell counts. 

Enumeration of the total w'hite cells was done after the Eller- 
mann dilution principle, making use of standardized separate pi- 
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pettes for blood and diluting fluids, the mixture talcing place in 
special diluting tubes. The cells were always counted within 6 
hours after the blood was draAvn. Standardized green glass Levj^ 
quadruple counting chambers were employed for the total white 
cell counts. We adhered strictly to the rule of counting 10 large 
squares, each measuring 1 mm^. 

The dry blood film was fixed for 3 minutes with the methyl 
alcohol contained in the May-Griinwald stain. Then equal parts of 
distilled water are added and the staining process is continued for 
1 minute. The stain is now decanted and excess fluid is removed 
by touching the edge of the slide to a filter-paper. The film is now 
stained for 15 minutes with diluted Giemsa stain (15 drops of 
stain mixed with 10 ml distilled water) and thereafter washed with 
distilled w’ater and is blotted diy. Each author has counted 100 
differential cells in each smear. Whenever 2 counts have showed 
excessive divergence, we have continued to count up to GOO 
cells. 

As in our previous investigations in tuberculosis, ^Ye have 
made use of Fisher’s (G) statistics to determine if two samples 
differ significantly in their mean values or belong to the same 
population. The significance of deviations in each type of white 
cell or cellular ratio was decided by calculating deviations from 
the normal base-line value and their probable error and then divi- 
ding the former by the latter. Tlie obtained i quotient expresses 
the deviation as a multiple of its probable error. The statistical 
significance P (probability) of various values of such quotients is 
stated in Fisher and Yates’ (7) table III. In the present study we 
have rejected as insignificant any mean value of P in excess of 
0.01. The symbol P ^ 0.01 signifies, therefore, that the observed 
mean deviations bearing this or smaller values must be considered 
to represent an absolute statistical significance which cannot have 
occurred by chance alone (8). In Fisher and Yates’ table III for 
distribution of t we find that a P ^ 0.01 requires that t ^ 2.819 
for 24 counts or samples which in our case are composed of 12 
normal base-line and 12 post-inoculation samples. Every difference 
having absolute significance is italicised in Table 1. 
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Results. 


Total mhilc Mood cells: - In Table 1 it is seen that Ihc lolal 
xvMte cells in the multiple pnneture group made significant desna- 
tions from the normal base-line s-alue in the seventh nmlh, ele- 
venth and thirteenth ]iost-inoculation weeks and alwa.es in an 
increasing direction. This gives the total while cell eomil an effi- 
ciency of 57 percent in tins group of anitnals. 'I he scarified group 
made likewise significant abnormal deviations in an increasing 
direction during the first, eleventirand Ihirlccnlh post-inoculation 
total white cell counts, or an efficiency of 43 percent for this grouji 
of animals. The intracutaneous group did likewise continually 


between the fifth and thirteenth post-inoculation weeks, or an effi- 
ciency of 71 percent while the control group presented increasing 
significant abnormal demalions in the total white cells in tlic first, 
ninth and thirteenth weeks, or an efficiency of 43 percent. Chart 
1 presents these mean deviations in the total white cells ns mul- 
tiples of their probable error. The odds against occurrence liy 
chance are small in the case of all points falling in the shaded r.one 
and their significance is not certain. Bui the odds against occurrence 
by chance are high in the case of deviations falling onlsidc the 
shaded zone; such deviations arc considered significant. 'I'lie Imri- 
zontal line in the center of the shaded zone represents the. normnl 
value; the direction of each deviation from the normal is showm. 

Eosinophilcs; — In 7’able 1 it is seen that the normal base-lines 
for eosinophilcs are higher than normal in all the four groujis of 
animals. We are unable to e.xplain the eosinojihilia and regret that 
the war-lime restrictions made it impossililc to exchange the 
eosinophilic animals for noDnal ones, as wc have done on previous 
occasions.^ Otherwise the animals ^Ycrc in excellent licallU when 
the experiment was begun. 


In Table 1 and Chart 2 we observe that the multiple puncture 
group made no significant abnormal deviations in the eosinophilcs. 

i significant abnormal deviation 

the fifth post-moculation week and in a decreasing direction, or 
percent, Tlie intra'cul ancons group made hvo 
.nificant abnormal deviations in a decreasing direction in the 
an Inrtcenth post-inoculation weeks, or an efficiency of 29 



Tabic 1. 

aiik-inaculalion, posl-vuccimlion and posl-infection bi-weekitj values for each ttjpc of Icukocyies, for the monoctjle-hjmphoajte and 
nmlTophile-hjmphocyle ratios and leukocytic index in each of the four groups of animals. 
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percent. The -control group made one significant increasing devia- 
tion in the fifth week and one decreasing significant deviation in the 
thirteenth week, or an efficiency of 14 percent in each direction. 
It is apparent, however, that. the decreasing tendency in the eosi- 
nophiles was dominant in the control group, although these decrea- 
ses failed to score significant dimensions except in the very last 
week. 

Basophilcs. — No significant abnormal deviations in the baso- 
philes were made in the multiple puncture and intracutaneous 
groups. One significant increasing de\dation occurred in the scarified 
group in the third' week and one in the control group in the seventh 
week, or each of these two groups giving an efficiency of 14 percent 
for the basophilcs, as showi in Chart 3. 

Stab cells: — It is noted in Table 1 that the mean bi-weekly va- 
lues for stab cells in the four group of animals fluctuate very little 
and with one exception in a decreasing direction. In our previous 
hematological studies (5) we observed 25 percent efficient increases 
in the stab cells during the progressive tuberculous infection in the 
control animals. In our present study we observe that the multiple 
puncture group made 100 perceirt efficient decreasing deviations 
in the stab cells, the intracutaneous group nrade 86 percent effi- 
cient decreases, the scarified group 71 percent and the control group 
29 percent. But these significant decreases are much less reliable 
than might be indicated without comparing tliese with the exces- 
sively small fluctuations in the mean stab cell counts in Table 1. 

Segmented cells: — As shown in Table 1, the segmented cells 
made no significant abnormal deviations in the multiple puncture 
group and only one increasing abnormal deviation in each of the 
scarified and intracutaneous groups and one decreasing significant 
deviation in the control group. Chart 5 shows these 14 percent effi- 
ciencies of the segmented cells in each of the four groups. 

Lymphocytes: — In the multiple puncture and intracutaneous 
groups we failed to observe any significant abnormal deviations in 
the lymphocytes during the post-inoculation period. In the scari- 
fied group two significant decreasing delations from the normal 
Ij'mphocj'te value occurred in the ninth and eleventh weeks, or an 
efficiency of 29 percent. In the control group we observed five signi- 
ficant decreasing deviations in the third, fifth, seventh, ninth and 
eleventh post-inoculation weeks, or an efficiency of 71 percent. Here 
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Charts 1 — 4. Bi-W’eeklj'nican deviations of (1) tola) wiiitc cells, (2) cosinophiles, 
(3) Lasophilcs and (4) stab cells, expressed as nnilUplcs of their probable error. 


we find a fair agreeiircnt with our previous findings (5) that the 
decreasing lympliocyte percentages reflect more faithfully the 
decline in resistance during tuberculous disease than any of the 
abovementioned indhidual blood cells (Table 1 and Chart 6). 

Monocytes: — The multiple jiuncture group presented no sig- 
nificant abnormal deviations in the monocytes during the entire 
post-inoculation period. The scarified group showed three signifi- 
cant abnorinallj" increasing deviations of monocytes in the third, 
ninth and eleventh post-inoculation Aveeks, or an efficiency of 43 
percent. Tlie intracutaneous group presented fiA^e significant ab- 
normally increasing dcAuations in the monocjdes in the third, fifth, 
ninth, cleA'enth and thirteenth post-inoculation Avecks, or an effi- 
ciency of 71 percent. The control group presented 6 significant 
increases out of 7 post-inoculation monocyte counts from the third 
Aveek until the end of the experiment, or an efficiency of 86 percent. 
Thus tlie monocyte proA'ed to be more sensitiAm than the lympho- 
cyte in reflecting the progressiAm trend in the tuberculous disease. 
Tins con firmsthe findings mentioned earlier of Florence R. Sabin 
and her co-Avorkers as Avell as our oaau studies (5) (Chart 7). 
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Charts S — S. Bi-weekly mean deviations of (5) segmented cells, (b) Ijnipb 
cytes, (7) monocytes and (8) inonocytc-liTnphocyle ratio, expressed ?s mu 
tiples of their probable error. 

Monocylc-bjmphocijle (MIL) ralio: — - One significant increasii 
abnormal deviation in the iVI/L ratio was observed in each of tl 
multiple puncture and scarified groups in the ninth post-inoculi 
tion tveek, or an efficienc}' of 14 percent for each group. Tlie intri 
cutaneous group presented five significant increasing abnorm 
deviations in the AI/L ratio in the thirds fiftli, ninths eleventh ar 
tliirteenth post-inoculation weeks, or an efficiency of 71 percen 
Tlie control group made six significant increasing deviations froi 
the third post-inoculation week until the end of the experiment, i 
an efficiency of 86 percent. Tliese findings are in fair agreetnei 
with earlier blood studies in tuberculosis (5) and prove that thei^li 
ratio competes with the monoc 3 'te as tlie most reliable detectors i 
progressive tuberculous disease, 

Neufrophile-Iymphocyic (NjL) ratio: — The multiple punctui 
and scarified groups failed to show an^’’ significant ahnomr 
deviations in the N/L ratio during the post-inoculation perioi 
Tire intra cutaneous gi’oup showed only one such significant n 
creasing deviation in the fifth week, or an efficiencj'- of 14 percen 
The control group, on the other hand, presented four significai 




HEMATOLOGICAL STUDIES IN TUBEHCULOSIS 


13 





mcreasing deviations in the third, rifth, ninth and eleventh „ost- 
inoeuiation iveeto, or an eftieieney of 57 percent (Chart 9) 

Leakoajlic index (L. /.); - Tlie I.. I, ,vas proposed in 1935 bv 
Crawford and Jfcdlar(9). ft .equals the value o/the neutrophne- 
lymphocyte percentage ratio plus the value of the elevcation of th,. 
monocytes plus the value of the abnormal total ntrercolu 

Me^af(10rnamety 

is head's. "’Iten the tnherculous lesion 

Jatto'; is the Chief cell of new tubercle 

ie volume of'tongeTLrt'tl^^^^^^^^ 

:ope. . Jeukocytes have lo 
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On the basis of extensive clinical studies on selected groups 
of tuberculous cases, :\ledlar attaches the following prognostic 
interpretation to the ]eukoc34ic index, namely: »0 to 15 = icieg| 
increasing favorable; 16 to 20 = sliglitly favorable; 21 to 26 = 
sligh% unfavorable; 27 to 35 = unfavorable, and 36 and over = 
increasingly very unfavorable,)) Tire reader is referred to Crawford’s 
original paper (9) for tlie use of a handj'^ calculator which facilita- 
tes the computation of the leukocytic index. Since 1937 we have 
constantly made use of the L. I. in our blood studies in tuberculosis. 
In these we have with satisfaction confirmed Medlar’s conclusion 
that the L, I. »does indicate the trend of the underlying pathologi- 
cal process in tuberculosis.® 

The multiple puncture and scarified groups presented each 
one significant increasing deviation in the L. I. in the eleventh 
post inoculation week, or an efficiency of 14 percent. The infra- 
cutaneous group scored four significant increasing deviations in 
in the fifth, ninth, eleventh and thirteenth Aveeks, or an efficiency 
of 57 percent. 'I'he control group folloAved the scoring of the mono- 
cytes and the monocyte-lymphocyte ratio by presenting six signifi- 
cant increasing deviations in the leukocytic index out of seven 
post inoculation counts, or an efficiency of 86 percent. Thus, the 
monocytes, the monocyte tymphocyte ratio and the leukocytic 
index represent the three most reliable tests Avbich reflect the 
progressive trend in tuberculous disease. 


Discussion. 

It would seem needless in this place to recapitulate our opinion 
on the significance of hematology in experimental and clinical 
tuberculosis. We agi'ee A\ith Smithburn, Sabin and Hummel (5) 
wdien they state that »wliile the blood picture can hardly be said 
to be pathognomonic, it should be of considerable aid in diag- 
nosis. But perhaps its greatest value is in prognosis, since the 
quantitative change in the cells are progressive vdth advancing 
disease.® In our control tuberculous animals we have again re- 
confirmed the verity in tliis statement in respect to the high scoring 
of efficiencies in the abnormal deviations of the monocytes, the 
monocyte lymphocyte ratio and the leukocytic index in reflecting 
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Table 2. 

• f Pells and Cellular Ralios in showing abnormal 

ss' 


Monocytes 

Ratio monocytcs/lymphocylc.s 

Leukocytic Index 

Lymphocytes 

Ratio neutrophllcs/lyinphocylcs 

Total -white cells 

Eosinophilcs 

Slab cells 

Segmented cells 

Basophilcs 


Multiple 

puncUiro 

Scarifi 

cation 

Intracu- 

lanoous 

Control 

0 


71 

86 

14 

14 

71 

86 

14 

14 

57 

86 

0 

29 

0 

71 

0 

0 

14 

57 

.')7 

43 

71 

48 

0 

141 

29 » 

29 > 

100 ' 

71' 

SR' 

29' 

0 

14 

14 

14 

0 

14 

0 

14 


' Data open to question as base-lino values were liighor than normal. 
'Loss rollalilo than might bo Indicated, since wo are dealing with very 
small percentages (not surpassing 2.S percent). 


reliably the underlying patliological processes. By contrasting the 
abnormal detdations in live blood cells in each of the variously B(1G- 
tTiccinated and subsequentl}' superinfecled animals vvitli those 
obtained in the unprotected control animals, tve may be able to 
discern differences in the degree of resistance towards the progress 
of the tdrulent infection Avhicli might shed light on the most effec- 
tive method of artificial specific immunization. For this purpose we 
have summarized the efficiencies scored by the blood cells or com- 
bination of cells in the four groups of animals (Table 2). 

The significant dcAnations in stab cells arc of such small degrees 
that they are less reliable than indicated. We may therefore elimi- 
nate this type of cell from the discussion. 

Using the control group blood changes as prototypes for those 
occurring in generalized and fulminating tuberculous disease, wc 
observe that the monocytes top the list of individual cells which 
are abnormally stimulated into activity in tuberculosis. The control 
group make a showing of 86 percent significant abnormal deviations 
m the monocytes, the intracutaneous group 71 percent, the scarified 
^3 percent while the multiple puncture group remains im- 
alfected. If we should alone choose the monocytes as the arbiter to 
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Table 3. 

Percent Efficiencies of Blood Cells and Cellular Ratios in showing abnormal 

Values in Tuberculosis. * 



Birkhaug 
1942 (1) 

Birkhaug & 
SchjelderUp 

Sraith- 
burn & a]. 


1943 (2) 

1944 (3) 

1937 (4) 

Leukocytic Index 

91 

100 

86 


Ratio monocytes/lymphocytes . . 

91 

88 

86 

89 

Monocytes 

91 

88 

86 

79 

Lymphocytes 

73 

63 

71 

74 

Ratio neutrophiles/lymphocytes 

64 

50 

57 

58 

Total white cells 

64 

63 

43 

37* 

Neutroplnles 

27 

50 

43 

42* 

Eosinophiles 

0 

0 

293 

42 

Basophiles 

0 

0 

14 

53* 


Scries (1) Acta Med. Scand., 1942, 110, 201; (2) Ibid., 1943, 113, 527; (3) 
our present article, and (4) Amer. Rev. Tuberc., 1937, 36, 673. 

* »Data open to question since base-line values were lower than those 
of Casey & Pearce (J. Exper. Med., 1930, 61, 83) and Thomas (Ibid., 1936, 
64, 97, table 4). Animals may have shown rise in basophiles due to influence 
of state of maturity.# 

® »Less reliable than might be indicated, since some values were high and 
others low, indicating that both determinations are subject to variation from 
a variety of causes, such as tuberculosis of bone marrow, secondary infections, 
etc.# 

= Data open to question as base-line values were higher than normal. 


settle the dispute about the BCG-immunization method par excel- 
lence, we would be forced to admit the multiple puncture method 
to the first place, the scarified group to the second place and the 
intracutaneous group to the third place. Tlris decision would agree 
well "with the findings alreadj^ scored by the macroscopic patho- 
logical examination (1) of visceral tuberculous changes in the four 
groups of animals under discussion. 

Wliile the monocytes prove to be more sensitive to tuberculous 
infection than the lymphocytes and appear earlier in increasing 
numbers in the peripheral blood tlian the lymphocytes, it is never- 
theless conceded that the retarded decline in lymphocytes more 
property indicates a lowered individual resistance towards advanc- 
ing tuberculous disease than any other individual blood cell type. 
Thus it is interesting to note the 29 percent efficient decline in 
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Ivinphocytes in the intracutaneous group and none ^^halsoevcI in 
the multiple puncture and scarified groups while the contro group 
scored 71 percent significant decline in the lymphocytes. Likewise, 
the intracutaneous group scores tlie highest abnormal efficiencies 
in the total white cells, neutrophile-lymphocytc ratio and cosinoplii- 
les next after the control group. These excessive abnormal chan- 
ges in the blood picture in the intracutaneous group must ncccs- 
sarilj' be interpreted to mean that the resistance against \drulcnt 
tubercle bacilli was slightly less in this group than in the scarified 


group and that the multiple punclure group possessed the greatest 
resistance. 

In Table 3 we have connected together our 1912, 19-13 and 
present significant abnormal deviations in the blood picture in 
experimental tuberculosis as well as the findings by Smithburn, 
Sabin and Hummel in tuberculous rabbits. It will be. seen that 
there exists a remarkable correlation between Uic order of signi- 
ficant blood changes taking place during advancing tuberculous 
disease. Tliis fact adds strength to our deduction from the present 
stuay that every one of the three parenteral BCG immunization 
methods is capable of retarding the changes in the blood picture 
which characterize progressive tuberculous disease. But the most 


effective retardation of the tuberculous l)Iood picture takes place 
in the animals immunized by the BCG multiple punclure method. 

Thus we have proved that the abnormal changes in the blood 
picture, especially in the augmented monocytes, monocyte-lympho- 
cyte ratio and leukocytic index, reliably register the trend of the 
underlying pathological processes in tuberculosis. 


Summary. 

For the purpose of discerning variations in the degree of specific 
acquired resistance against a virulent tuberculous infection, a hema- 
tological study is made on comparable groups of guinea nigs innnu- 
mzed rvith BCG by Rosenthal’s multiple puncture, Weill Halle’s 
scarification and Wallgren’s intracutaneous vaccination methods 
ihc non-vacemated and similarly infected control guinea m^s 
revealed ttat the significant al,„6rmal deviations in SalZf 
™noeyte-lymphocyte ratio and ienhocytic index ol neX^hil:; 

Acta med. scandtnav, Vol. CXXI 
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lymphocyte^, monocytes and total white cells, register most accura- 
tely the advancing tuberculous disease. 

lire blood picture in the animals immunized with BCG paren- 
terally and superinfected with virulent tubercle bacilli, revealed 
a significantly retarded abnormal deviation in the monocytes, 
monocyte-lymphocyte ratio and leukocytic index. Tire multiple 
puncture BCG vaccination method, however, produced a slightly 
more retarded abnormal blood picture- than the scarification and 
intracutaneous BCG vaccination methods. 

The hematological study substantiates the pathological data 
on the same groups of animals to the effect that Ihe parenteral 
BCG vaccination produces a relatively significant resistance against 
a virulent tuberculous infection. 


The authors wish to express their appreciation of the technical 
and statistical assistance of Mr. Sigbjorn Aamodt. 
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The effect of insulin coma and the awakening 
from it on the amino acid-N in plasma. 

By 

CARSTEN TROLLE. 

(Subiiiitlcd for puhlfcalion October 27, 1911). 


Even small conlrilnitions to elucidate the Tva}’ in which (he ni- 
trogen metabolism is influenced by the liormons may be of intoresl 
and I shall therefore give some results for the hypoaminoacidc- 
mia obtained in human beings during an insulin shock Ircalmcnl 
for mental disease. Most investigators arc agreed that insulin injec- 
tions lower the blood amino acid nitrogen (Fan- and Alpcrl, 1040, 
and Crismon, Hanvey and Luck, 1940). The results given here seem 
to be of further interest as it is found that the awakening of the pati- 
ents from insulin precoma or coma b}'^ cither saccharose dissolved 
in water and given per stomach tube or by intravenous injections of 
glucose dissolved in water causes a further fall in amino acid-N in 
plasma. 

Technique: The amino acid-N was dolcrniined by lljc gasomctric 
nilreous acid method of Van Slyke, 1929. The insulin was oblaincd from 
»Novo» Copenhagen. The insulin treatment was performed as dc.scribed 
in the report from the Danish Psyclualric Society, 1942. 

Before I give the label I shall point out that the values between 
which the amino acid-N varies in normal fasting subjects arc found 
to lie between 4.5 and 8.1 (Kirk, 1936) and between 4.2 and 6.0 
(Schou and Trolle, 1944). TJie insulin treatments were performed 

m the morning and the patients were not allow-ed to take any food 
previously. 
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^luring insulin treatment. 


M plasma in mg % 


after a^\’akening 


with saccha- 
rose dissol- 
ved in water 
(per os). 
Amount and 
per cent 


Diagnosis 


In insulin 
treatment 
from 
Date 


Schizophrenia paranoides 


3/9 -10 


2.6 


2.9 


2.3 


3.0 


with 10 ml <10 % 
glucose injected 
intravenous 
2.0 


Schizophrenia paranoides? 


3/9 -10 


Schizophrenia? ? 


»00 g 20 % 


Schizophrenia (Hcl)cplircnia) 


3/12-10 


25/9 -10 


iwith 7ml 50 % Vji. after 500 m- 
Iglucose injected 40% saccharose 
intravenous solution per os 
2.8 


2.9 


500 g 20 % 


Melancholia in I’sykopatliiam? 


500 g -10 % 


25/!t -10 


oOO g 40 % .Melancliolia liypochondrica 


S^lnzophrcnia (incipiens) 


P.sykopalhia 


28/11-10 


9/1 -41 


21/1 -41 
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It will be seen from tabel 1 that most of the values during 
precoma and coma lie below the lowest value for normal fasting 
subjects. In the cases in which the amino acid-N is determined before 
the insulin injections a great fall is observed during the treatment. 

In the experiments in which the amino acid-N was determined 
after the awakening of the patients with saccaharose given by sto- 
mach tube or by intravenous glucose injections a further fall in 
the amino acid-N in plasma is seen. The time elapsed between the 
blood samples in insulin coma (or precoma) and the awaken- 
ing of the patient was about 15 — ^25 min. when the patient was 
waked by stomach tube and 5 min. w^hen the patient was waked 
by an intravenous injection. It w’ill be seen that both methods for 
awakening cause the amino acid-N in plasma to fall to extreme low 
values. It seems thus that the amount of sugar given is insignifi- 
cant. And from the experiment on M. C. it will be seen that saccha- 
rose given to the patient after the aw'akening by a glucose injec- 
tion does not cause a further decrease of the amino acid-N in plasma. 

To ascertain that the administration of sugar does not cause a 
low'ering of the amino acid-N in subjects to W'hom no insulin" is 
given the experiments show in table II w'ere performed. 


Tabel II. 


Influence of sugar and water given per os on tlie aniino acid-N in plasma. 


Subject 

Sex 

Date 

The amino acid-N in plasma in mg % 

fasting 




s 

7/1-41 

■ 

54 h. after 500 g 
water per os 

3.9 

54 h. after 100 g 
saccharose per os 
4.3 



11/1-41 

5.0 

14 h- after 200 g 
saccharose dissol- 
ved in 600 g water 
(per os) 

4.9 

1 54 h. later 

4.8 

K. G. N. 

3 

18/1-41 

3.9 

54 li- after 200 g 
saccharose dissol- 
ved in 550 g water 
(per os) 

3.7 

1 54 h- later 

3.8 
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It will be seen that large amounts of saccharose and of water 
only cause slight variations in the amino acid-N in plasma. (The 
one of the subjects K. G. N. was here examined after the insulin 
treatment the other was a normal individual). 

It is at.present very difficult to understand that llie a-\vakening 
of a patient from insulin coma by administration of sugar cause 
a further fall in the amino acid-N in plasma, but the results may 
in the future be of some interest for the undei'slanding of the wa}' 
in which insulin exerts its influence on the nitrogen metabolism and 
for the understanding of the process of awakening. 

Summary. 

The diminution of the amino acid-N in plasma after insulin 
injections as found by prcAious authors is confirmed. 

It is further shown that the awakening of paiicnis from insu- 
lin coma either by sacchai'ose h}’^ stomach tube or by intravenous 
injections of glucose causes a further fall in amino acid-N in plasma. 
After the awakening further administration of sugar was without 
effect. 

In subjects not in insulin treatment administration of sugar 
causes onl}' slight changes in amino acid-N in plasma. 
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The Duration of Life of the Erythrocytes in 
Hemolytic Jaundice Determined through 
Transfusion Experiments. 

By 

AAGE KIRKEGAARD and GERTRUD KIRKEGAARD. 
(Submillcd for publicallon October 27, lOM). 


During recent j^ars it lias been empliasizcd tliat tlie duration 
of life of the erythrocytes cannot ahvaj’s be interpreted in the same 
manner. According to Schiodt (14) two different theories must be 
considered, according to whether tlie vitality of the crj'throcyles or 
the destructive powers of the surroundings have the decisive in- 
fluence on the destruction of the blood corpuscles; avc shall revert 
to these two thcorie.s, the longevity-theoiy and the destruction 
theorj'. 

To determine the duration of life a series of different methods 
have been used, of which Schiodt. in 1938, gave a survey, to wliirb 
we refer. Whilst these methods have given rather different results 
as far as normal erj'throcytcs are concerned, it is generallj' agreed 
that the duration of life of the spherocytes of hemolytic jaundice 
is considerably shorter than that of normal erythrocytes. This 
corresponds well to the intense regeneration phenomena found in 
this disorder. 

The duration of life of the spherocytes seems to have been deter- 
mined previously only by means of calculations on the basis of the 
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Tabic I. 




AuUior 

Honiolylic 

jaundice 

nonnnl 

Method 

Adlor and Brcsscl 

HeiliHcycr and Albus . . 

7_10 d:iy.s 
2-- S 

102— .'110 days 
(125) 

urobilin excrellon ’ 

. . * 

Licblenslein and Ter- 

10— 13.G • - 

MO . 

, . ' 


8—10 * 

150—200 * 

» * ^ 



' 

— — ... ~ ^ — 


■1— 7 . 


differenlliil 


2.8- -70 

51*,;-- 75*,; t 

* > 

Placeo 

*a few days* 

10 * 



'The duration of life conijniled without regard to Imck-rcsorptfon of uro- 
bilin, for wliich reason the values possibly must he divided by I (see text. p. ,'?0). 

'The latter fiRii re found fn palfeiif with sccoudars- hemoiyUc jamuHcc after 
malaria. 


urobilin excretion [Adler nnd Bressc! (1), Ueilmeyer nnd Albtis (6), 
Licblenslein nnd Terwen (10), Morawit?. (11)]. wliiclt. as is known, 
is a measure of the amount of hemogloltin flecomjtosetl. tintl by 
means of the differential a^^glulinalion method jDcdicbcn (2), 
Dekkers (3)], in which it is examined for how long trnn.sfn.scd 
erylhrocyle.s of anollicr group can Ite. demonslralcd in tlte recipient 
by means of agglutination willi corresponding scrum. Xeithcr of 
these methods is very correct [Gorl (5), Schiodt (M)]. hut still they 
show the shortened duration of life of the spherocylos of the hemo- 
lytic jaundice, as will appear from 3 able 1. 


The Writers’ Examinations. 

To determine the duration of life of the crylhroeyles we used 
transfusion from a healthy individual to a patient ^\5th acquired, 
hemolytic jaundice, whose erythrocyte figure and licmogloliin per- 
centage were comstant, and examined by daily counts when the va- 
lues of the time before the transfusion were reached again. 

As the patient’s lilood contained a very great number of reli- 
cu ocytes it was po.s.sihJc by counting the latter to get a control 
of the duration of life. Wjien normal blood is added the retienloevles 
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arc »diluted», their percentage decreases. Gradually as the blood 
corpuscles added arc deslro 5 'ed the reticulocyte percentage increa- 
ses again, and the period passing till the percentage of the time 
before the transfusion is reached expresses the duration of life of 
tlic erythrocytes, provided the patient keeps his reticulocyte pro- 
duction and his ftoivni) er^'^throcyte figure at a constant level. 

In our experiments the detailed procedure was as follows; 

The patient’s erythrocyte figure, reticulocyte percentage, and 
hemoglobin percentage were determined every daj'. 'When the va- 
lues had been at a constant level for 4 consecutive days, 500 ml 
blood were transfused from a health}' individual and the deter- 
minations were continued till the original values had been reached. 
To make sure tliat these values A^ere still constant, tlie determina- 
tions were continued for another 4 days. 

The er 3 'throc 3 'tes were counted in the usual manner in Hayem’s 
fluid in Burker-l'iirk’s counting chamber. The limits of error are 
computed as 3 ynumber counted. The hemoglobin percentage 
was determined with a Zeiss hemonieter and the reticulocytes were 
counted according to the method stated by Kaj Larsen and Skad- 
hauge (9). All determinations were made on blood from the ear, 
taken at the same time every day and drawn into the pipette 3 
minutes after pricking the ear [Gregers Sorensen (15)]. 

Carried out in this manner the method does not seem to have 
any certain fallacies other than those connected with the hcnio- 
metry and the counts themselves, and for this reason we have 
always made the determinations in duplo or in triplo and counted 
1500 — 3000 erythrocytes and 15 — 1600 reticulocytes in each deter- 
mination, at the initial values 4 times and double the number res- 
pectivel}'. 

But there are a few hypothetical fallacies, because there is a 
possibility of damaging the erythrocytes in the course of the trans- 
fusion and of the latter haAing a stimulating effect on the bone 
marrow'. These fallacies, how’ever, are hardly of any great import- 
ance, especially not the latter, as the figures remained fairly con- 
stant in the after-period. In using the reticulocyte percentage in- 
stead of the absolute figures per mm^ the influence of possible fluc- 
tuations in the amount of the plasma has been avoided. 

The results W'ili appear from Fig. 1 showing that )>status quo# 
w'as arrived at in 6 days, as far as the erj'throcytes and the hemo- 



Fig. 1. Delcniiinnlioii of Duration of Life of Normal lini'lliroc'ytcs in lllood- 
streani of Patient willi Hemolytic Jauiunce. 

X — — Erytlirocytc.s per mm’ wilJi limit.*; of Error ^ 3 )')mml>cr rmiiitetl 
fib % 

• — * — Rcliculocyle.s % 

On the <!.’ day transfusion of 500 ml blood. 


globin percentage are concerned, and *}— 5 day.s in fite case of Hie 
reticiilocTles, 


Discussion. 


Wiiat these results mean to the duration of life of the blood 
corpuseles depends on Avliich of tlic theories referred to in the intro- 
duction ^Ye make the basis of our considerations. In the following 
we shall briefly recapitulate these two theories. 

According to the longevity-lheon- the duration of life of the 
erythrocytes is a congenital property and quite indepcndcnl of the 
telniclio.., ,vl,icl, „„|y works passively. Every day a cerlain 

ol crj-tlmcylcs l,ave readied the end of tlieir days, II, cv die and 
re removed bat „s the number of eo-throeyles o' Ibe i,‘,divH„a 
s constant one „„der normal conditions, an cqnally meal nnn'i- 
jei 0 eiy irocylcs must be produced in return If we state il 
duration of life of the crylhrocvlcs to he „ Z , ° 

lurvrof'rta^Ltmr 00.1,“ nz'"' i't 
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l'i«. 2. 

A^f (llslrUmUou of Hr- i-ryllirocvU-s in 1 nim’ Idooii accordini^ lo llu- Ion- 
{'wily-thcory (A) tiiul tic-tniction Uu'ory (l\). (acconlitiR to SchiqiU). 

Al)sclss: A(?c in days. 

Orrtinntc: Nutnl'cr of eryltirocytcs in n nnit wliicli is x/n, wlicro x is tlw 
nvnnlipr of iTyiUrocylcs jrt 


ov vaU\cr. tvs iv vvvvvsl he smv\vosccl lo be au average value, a 
decline as shoAvn by Uic dolled line in Tig. 2. Provided Uial a blood 
transfusion does nol bring about any alteration of the indiNddunrs 
own ciA'lbrocyle produclion the conditions must be as shown in 
Fig. 8 A after such a Iran.sfusion: livery day 1/n of llic transfused 
erythrocytes will perish, and therefore the erythrocyte figure will 
fall along a .straight line to its foDner value, which is reached, 
after a period corresponding to Uie duration of life of the ciytbro- 
eylcs. It will easily be seen that after an acute loss of blood, provid- 
ed it docs not alter the individual’s own erylhrocyle produclion, 
the regeneration will also lake jrlace along a straight line and that 
lire lime of regeneration will just lie Ihe duration of life of the 
erythrocytes. 

According to the destruction theory the breaking down of the 
erythrocytes is due to an active process, the extent of wlUcli de- 
pends on ilie number of ciylhroeytes ))ul is quite independent of 
their age. On tlie first day a »liller)> of ciytlirocyles liv’cs, say i/n of 
them will perish, the next day 1/n of the rest and so on. A curve 
sliowing the age distribution of the erythrocytes in 1 mm^ blood will 
then be a logarithmic curve approacliing 0 like an asymptote 
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Fig. 3. 

The decreasing and increasing number oJ erythrocyte.s after a blood Irans- 
fusion or after an acute loss of blood, according to the longevity-theory (A) 
and the destruction theory (B). 


according to the formula: a — x = a. wliere a is the daily 

production, x the amount destroyed till the time T, e the base of 
the natural logarithm and K a constant (Fig. 2 B). . . 

Now suppose that in a transfusion the recipient keeps his own 
erjdhrocyte figure at a constant level; the decline of the total 
er}dhrocyte figure will then take place according to a curve paral- 
lel to the above. This curve null, like an asymptote, approach the 
erj'throcyte figure of the time before the transfusion, i.e. the curve 
becomes bent, which corresponds to the decreasing destruction 
vith decreasing amount of e^throcytes (Fig. 3 B). 

On looking at the curve Fig, 2 B ive must say that according to 
the destruction theory tve cannot call the duration ot life a properly 

1 I' a® is quite accidental when the destruction 

overtakes them. But on a purely mathematical basis rve can find 
the average time of existence. 

TOen judging our results it rvill be necessao' to consider them 
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lion of life of the longest livers, whereas the average duration of 
life must be supposed to be a little shorter. 

But it is impossible to compute the duration of life in our expe- 
riments according to the destruction theorj', as the curve does not 
resemble any logarithmic curve at all. 

. The authors Avho have prcviousl}' pursued the study of the 
duration of life of the erj’throcytes in hemolytic jaundice all seeni 
to have folloAved the longcvity-theorj’; their results vull appear from 
Table 1, but as the back-rcsorplion of the urobilin, amounting to 
% [Eppinger and Charnas (4), Rous (13)], has not been considered 
we must doubtless reckon with durations of life of about of those 
stated, i.e. 1 — ‘1 days, or a little shorter than those found by ns. 
There seems to be a greater confomrity between the 5 — 6 days 
found by us and Dedichen (2), who by means of the differential 
agglutination method finds that the transfused erj'throcytes of 
another group can only be demonstrated in the recipient’s blood 
4 — 7 days after the transfusion. 

It should, however, be borne in mind that we [like Dedichen (2)] 
used normal eryThrocytes for the transfusion and that it is their 
duration of life in the diseased organism we determined, wliilst the 
other investigators determined the duration of life of the patient’s 
oAvn ery'throcytcs. 

Whilst in hemolytic jaundice the duration of life of the ery- 
throcytes seems to be a few days only, possibly a week, the dura- 
tion of life of normal eiyThrocjdes is presumably 30 — 40 days 
[Kirkegaard and Kaj Larsen (7, 8), Schiodt (14) ct al.]. Similar 
normal figures are also found in Table 1 Avhen the back-resorption 
of urobilin is considered. It Avill thus be seen that in hemolytic jaun- 
dice the duration of life of the eiydlirocyles is about 1/10 — 1/20 of 
the normal, whilst normal erythrocytes live for about 1/5 — 1/10 
of their lifetime if transfused to a patient with hemolytic jaundice. 

These results are not without interest to our perception of the 
pathogenesis of the hemolytic jaundice. The point at issue has here 
been whether the hemolysis is due to primary^ alterations in the 
erythrocytes themselves or to a primarily increased destructive 
power of the spleen and the reticuloendothelial system. As even the 
normal erythrocytes according to the above are destroyed very 
rapidty in patients with hemolytic jaundice, these experiments 
support the latter theory. It Avas, therefore, to be expected that 
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we should find a curve in conformity with the destruction ihcor}', 
a hent curve. As this was not the case the curve will support the 
longevity-theoiy. It must then he supposed, provided the curve is 
correct, that the active destruction befalls the oldest erythrocytes, 
or, that the originall}' normal blood corpuscles are influenced in 
some way (liemolysin?), their duration of life thus being consider- 
ably shortened. 


oummary. 

Despite their inaccuracy the methods previously employed in 
d^eri^ation of duration of life of tlie eodhrocytos in patients 
with hemolytic jaundice have shown the duration of life to he 
about . .0-,p0 ot the durotiou ,i,e of noruuol 
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Intermittent claudication and vascular spasm. 

I. Is vascular spasm a contributory cause of intermittent 
claudication in patients with structural disease of the arteries? 

By 

TORSTEN LINDQVIST, M. D. 

(Submitted for publication January 26, 1945). 


Introduction. Brief criticism of the literature. 

Charcot (1), in 1858, published the first description of 
the complex of symptoms -which is now generally called intermit- 
tent claudication lie suggested that tlie symptoims might be due 
to the presence of far-rcaebing structural disease of the arteries. 
He used the terms wparalysie doloreusc ischacmiquo) and sclaudica- 
tion intermittent par obliteration arterielle». Both of these expres- 
sions are reflections of his opinion that the s 5 '’mptoms arise from the 
•disturbance in the blood supply resulting from pathologically 
obstructed arteries. Tliis was the ^^ew Iicld by all investigators for 
the next forty' y'ears. 

Erb (2) seems to liave been the first to find this explanation 
inadequate. He believed that narrowing of the arteries due to 
structural changes was not always the only genetic factor but that 
vascular spasm must also contribute towards the end result in some 
■cases. This theory has been favoured liy many authors, among 
■whom the follov'ing should be mentioned: Oppenheim (3, 4), Cursch- 
mann (5, 6, 7), Westplial (8), Cassirer (9), Cassirer and Hirscli- 
feldt (10, 11), Osier (12), Muller (13), Andre-Thomas and Valensi 
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(14), Sunder-Plassniann (15). Wliile some authors felt uncertain as 
to whether vascular spasm occurs in every instance or whether it 
is merely an auxiliary cause in certain cases, others were firmly 
coiiwnced that it always occurs in connection with intermittent 
.claudication, and that it plays a decisive part in producing the 
syndrome. This last-mentioned theory is advanced, for instance, in 
the well-known textbooks by Strumpell-Seyfarth (16) and by von 
Bergmann (17). 

Lewis (18), on the other hand, refused to admit the idea that 
arterial spasm contributes towards producing the symptoms in 
hitermittent claudication. »The reason is in all instances to be 
found in relative ischaemia of a working muscle» (p. 39). — ))Much 
has been written of pathological states in which both structural 
disease and increased vasomotor nervous tone are considered 
each to contribute to the end result. I have been unable to find 
any satisfactory evidence that such states occur» (p. 59). 

Lewis by no means denies the fact that a person with structural 
vascular disease who is exposed to vasoconstrictive stimuli reacts 
to the stimulation Tvith a vascular contraction apparently more 
pow'erful than that occurring in a subject with normal blood ves- 
sels. On the contrary, he places much emphasis on the fact that 
)>Raynaud’s phenomenon!) is -more likely to be observed in persons 
witli this type of vascular disease, after exposure to cold for instance, 
than in normal individuals. He points out, however, that this 
should not be interpreted as »Raynaud’s disease)); in other words, 
as an increased tendency to vascular spasm. It is to be explained 
simply by the fact that an essentially normal vascular contraction 
has a more easily distinguishable effect in the ill, in whom the blood 
flow' is already impaired, than in those with normal vessels. This 
view', which in all probability is the correct interpretation, was not 
taken into consideration by many of the abovementioned authors. 
These investigators have often asserted instead that it must be a 
question of vascular spasm w'hen the foot becomes paler in a per- 
son with intermittent claudication than it does in a .person with 
normal circulation on exposure to cold. 'Thus, this »proof!> of the 
existence of vascular spasm does- not seem to be sound. 

In support of their theory with regard to vascular spasm these 
authors also mentioned the following facts. In patients with inter- 
mittent claudication the foot becomes cold after exercise, and turns 
^ — Acta med. scandinav. Vol. CXXI. 
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same j)rcssuro, during the 45 seconds immediately following the work of 
silling up and lying down Uvcnly limes, while in figure we see the 
tracings obtained during the succeeding 45 seconds. It will be observed 
that after this comparatively moderate activity tiierc was a decided 
decrease in the pulsations in the calf, but that while the patient was resting 
the pulsations gradually increased until, 3 minutes after the cessation of 
tlie work they had returned to their original size. 
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Pig. 2. Case 1 . A, .shows oscillations with pressure of CO mm in the resting limb; 
33, oscillations with pressure of CO mm 1 — 45 sec. after exercise: C, oscillations 
with pressure of CO mm 40 — 90 sec. after exercise. T = lime in seconds, 
0 = osciilatlons, R = respiration. 


In general, the decrease in the pulsations after exercise was more 
noticeable on the left side than on the right. Wien the subject was resting 
the pulsations were of about the same size on both sides. Thus, the arterial 
spasm after exercise was more marked on llic side on which the sympa- 
thectomy liad been perfect Ilian on the side where there was still a cer- 
tain amount of activity in the sj'mpathelic nervous system. 

Unfortunately, as Dr. Lax had to return to Hungarj-^ on account of 
the approaching w'ar, wc had to abandon our plans to follow up our inves- 
tigations in this case by testing the effect produced by certain drugs on 
the arterial spasm, as well as to extend our studies to other patients with 
similar symptoms. It lias not been possible to resume our work together. 

Case 2. G. H., aged Cl. A photo engraver. Record. No. 160/44. At 
the beginning of 1941 his foot began to cause trouble by growing numb 
when lie walked. In January 1942 he began to experience severe pains in 
the left calf on walking; these pains receded a few minutes after he stood 
still. When he was examined in January 1942 the oscillations in the left 
and right thighs and the right calf w'ere normal, but in the left caif they 
w'ere greatly decreased. The measurements of the pulsations in the calf 
were always taken on the thickest part of the calf. For this examination as 
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well as for all Ihe oilier oscilloniolric nieasuroinciils ilescribetl in Iho n'- 
, minder of this paper a Recklinpliausen oscillometer with an alteniatu t. 
cilo was used. He was treated with priscol and a cons.derahio unproAe- 
Tnl was nolod. As II, c pains l,«a.no worse apa.n a, ,1,0 
a lumbar svmpallicclom.v on II, c Icllsido was ilono ,„ Marcl, Iblb (Dr 
s. Lemhkc). After this intervention the discomfort m the left lep was Aor\ 
slichl At the end of 1913, however, lie hepan to have pain of a smiilnr 
nature in the right leg. Oscilloinelric examination in .lanuary lOM prove.l 
that the pulsations in the right calf, which had heen to nini at the most two 
years previously, had now dropped to (! mm. Measurement of the .skin tem- 
perature in the toes, with a rising body temperature, by a technniue de- 
scribed by the author [Lindqvist, (20)], indicated arterial obstruction of 
some severity in the right leg. Arteriograpliic e.xamination with perahrodil 
disclosed that the upper part of the femoral artery in the right leg was ab- 
normally narrowed. Ten centimetres above the knee joint the arlerj* w:vs 
compleicly occluded for a lenglli of 5 cm. In this area then- were nvime ous 
collateral anastomotic channels. The popliteal artery and the arteries of 
the lower leg wore strikingly narrow. As the administration of priscol 
brought no improvemont, a liimhar sympathectomy on the right .side also 
was performed towards the end of January 591J (Dr. S. 1/emhke). lb- was 
a little better after the operation, but the .signs and symptoms of inter- 
mittent claudication began to increase in severity again and soon, i-ven after 
a walk of 50 metres, there were severe pains in the right calf. 

At an oscilloniclric examination on May 17, 191-1, the pulsations in the 
right calf were now no higher than 3 mm. After the patient had walked 30 
metres the pulsations immediately after this exercise were hardly visilde, 
hoing > y., iiini. After 2 minutos’ rest they had increased to 1..5 — 2 mm 
and after -1 ininule.s’ rest llicy had reached tin- same sire as before the 
exercise, No pains had appeared after the walk. 

As I had obtained with estrone injections an effect which seemed 
favourable in other patients with vascular occlusion, and as other authors 
[ 0 . g. RatscliOAv, (22)] also recommend tins treatment, a course of injec- 
tions of Ovex Leo, 10,000 international units, was inslilnled. Tln-y were 
given daily (o begin with, llic interval between each injection being gradual- 
Ij lengtliencd until finally one week was allowed to elapse between each. 
Under ibis treatment be reported bim.self that (here was an imiuovonient! 

At another oscillomotric cxuininalion on Aug. 25, Iti-l-i the oscillations 
on the right calf had increased to a maximum value of 5 mm. Tln-re was no 
definite change in llio size of the oscillations after the patient had walked 
SOmolres, After a 200 metro walk, in connection with which the patient bad 
severe pain m tlic right calf, the oscillations rose to a maximum of 7 mm. 

Case 3. 0. A., aged 58. A sea captain. Record No. 2109/.i.l. For a couidc 
of years he had mild pains in both calves, severest on tlio right side Tiie 
pains appeared while he was walking and receded rapidly when he rested 
During the past few months the condition in the right calf had heeom ^ 
intensified, a walk of even lOn melre.s causing seveH pi^ 
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■V^Oien he was examined in September 1944 the pulse was readily pal- 
pated in the groins but pulsations were not distinguishable in any other 
part of the legs. Radiographic examination of the legs revealed the pre- 
sence of advanced calcification of the walls of the arteries of both the thighs 
and the lower legs. Measurement of the skin temperature in the toes with a 
rising body temperature, by my own method, indicated that there must 
be serious arterial obstruction on both sides. 

The largest oscillations in the left calf \vere 12 mm. After the patient 
had been in a state of complete rest for several hours the oscillations in the 
right calf reached a maximum of 5 mm. After he had walked 200 metres, 
as a result of which he had severe pains in the right calf, the oscillations 
in the right calf were hardly visible and too small to be recorded, ^^hile he 
was resting they began slowly to increase again but even at the end of half 
an hour they had hot returned to their normal size, remaining instead at 
2.0 — .3 mm. 

Case 4. A. L., aged 65. A laboratory assistant. Record No. 2746/43. In 
September 1943 his left foot began to ache and to feel stiff and cold. When 
he walked his left calf became stiff and painful. This discomfort receded 
rapidly when he rested. At the beginning of December 1943 the pains in the 
left foot became much w'orse, he had almost unbearable pain even when he 
was resting and it was due to the latter condition that he was hospitalized 
on Dec. 6, 1943. His left foot was then very cold. The pulse was palpable 
in the groins and in the middle of the thigh on both sides. In the popliteal 
fossa, the pulse \vas palpated on the right side but not on the left. The pos- 
terior tibial artery was not palpable on either side. The dorsalis pedis ar- 
tery was pulsating faintly on the right side but was indistinguishable on 
the left side. As the pains continued to increase in severity despite the fact 
that he wms lying in bed incipient gangrene was suspected, and he was 
transferred after a few days, to surgical w’ard I. After a short time, however, 
the pains receded. It ■was found by oscillometric examination that the pul- 
sations w'ere almost entirely suspended in the left calf, being < 1 nim, 
while in the right calf they reached a maximum of 13 mm. In the middle 
of the left thigh they went as high as 13 mm and in the corresponding 
area in the right thigh they were 19 mm. Radiographic examination of the 
left leg without the use of a contrast medium revealed a moderate degree 
of calcification beUveen the first and second metatarsal bones but there was 
nothing else of interest. An arteriographic examination with per brodil 
w'as carried out on Jan. 10, 1944. The femoral artery, from its entry into 
the adductor canal and downwards, was seen to be arteriosclerotic, with 
irregular margins and a distinctly narrow’ed lumen. The contrast medium 
was flowing to the lower leg partly through large collaterals, but partly 
also through the narrowed main artery. Severe arterial obstruction was 
established by measurement of the skin temperature in the toes with a 
rising body temperature. 

On Jan. 26, 1944 three sympathetic ganglia in the lumbar region o.n 
the left side together with the intervening parts of the sympathetic chain 
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Fif<. :i. Case 1, 

Oscillations Indore cxerelsf’. 
r,— Oscillations iinmcdialoly after exercise. 
Oscillations .'{jiiimites after exerrise. 


Case 5. I. J., aged 5S. A carpenler. Record Xo. 7^7/11. lie had In-en 
suffering for several yeans from a coinphuul diagnosed as vilium conlis, on 
account of tvhic)i ho had .spent some lime in ho-spital in Ih l'J. Roth the 
aortic and the mitral X'alve were impaired. I'or the past fiv<‘ year? he had 
been suffering from pains in both ca}vc.s, .s(?vere.st on Ihe left side, after he 
had walked about 200 melrc.s. If he continued walking the paitis became so 
acute Dial he was forced to slop and rc.sl. They then recedeil rapidly. 

In March 1944 the pul.so wa.s fell to he normal in the groins but no 
pulse could be palpated in the popliteal artery or the arteries low.-r down 
on either side. By measuring the skin temperature in Ibo loe.s with a rising 
body temperature it was found that the. left leg was affected by severe 
Mtcrial obstruction; the circulation on the right side was slightly belter, but 
it was not normal. 

The re.suUs obtained- from the oscillome.tvic examiualion of Ihe left 
calf, both when the patient was re.sling and after exercise, are shown in 
figure 4, After the patient bad been walking for 5 minutes, during which 
time pains were distinctly fell in Die loft calf, the oscillations in Dtis ivgion 
became almost twice a.s large. After another 5 mimilcs’ walking the tracings 
were exactly the same as after the first five minulo.s. 'riie examination was 
carried out on July 28. A later examination yielded the same result 
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— x— X— X— Oscillallons before exercise. 

— 11 — o— < 1 — Oscilialions after 5 minutes' walk. 

Case 6. N. L., aged 58. A merchant. Private patient, no. 768/44. At 
the end of May 1944 he hegan to have pains in the right calf on walking. 
These receded almost at once when he rested. His right foot also became 
slightly cold. 

At an examination in the middle of June 1944 all the pulses in the left 
leg were normally palpable, hut in the right leg the pulse could not be 
distinguished in the popliteal fossa or lower down the artery. Oscillometric 
examination yielded normal pulsations in the left calf (30 mm) but the pul- 
sations on the right side were greatly reduced. After a course of estrone 
injections in July 1944 he was improved but not wholly free from pain. 

Mnien examined on Sept. 1, 1944 he had pulsations of 5 mm in the 
right calf wdiile resting. After w'alking for 20 minutes he experienced in- 
tense pain in the right calf. The oscillations now rose to a maximum of 
'7 — 8 mm; in other words, a very slight rise. After 5 minutes’ rest the pulsa- 
tions had resumed (heir original size. 



Fig. 5. Case 7. 

_y— X— V— Oscillations of riglil calf in resting limb. 
_o_o_o— Oscillations of right calf after 20 minutes' walk. 

Oscillations of left calf in resting limb. 

<— 0 _<— Oscillations of left calf .after 20 minutes' walk. 
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Case 7 S K., aged -M. A doctor. Private pationi, no. 750/-14. In April 
1944 he had begun to suffer discomfort from pains and numbness in the 
rilt foot on u^Scing, and soon after this he began to have pmns rdso ,n 
the right calf when he Avalked. These pains receded almost at once an hen he 

'''men he Nvas examined on .Tune 14, 1944, it Nvas discoyerod hy moans 
of skin temperature measurements in the toes, NVilh a rising body temp- 
erature, that there Nvere signs of a fairly massive occluding i>rocess m the 
right leg. The loft leg appeared to ho normal. 



Fig. Cl. Cn-se 8. 

OsclUalions ot left calf In reslliig llinb. 

Oscillations of left calf tnnncdinlely otter 45 minutes’ walk. 
Oscill.ntioiis of left calf 11 min. after 4.5 minutc.s’ walk. 


The oscilloinelric recordings obtained before and after exercise arc 
shown in figure .5. It will he soon that the oscillations in the left calf are 
within the normal range [cf. Ralschow, (22); Philippides, (27)]. After a 
20 minutes’ Nvalk the pulsations had become slightly larger in Ihe left leg. 
In the right leg, on the other hand, where the oscillations had heen consi- 
derably smaller before the muscle work, they became still smaller after the 
walk, allliough the reduction was not especially pronounced. 

Case S. K. E., aged 45 years. A merchant. Private patient, no. It 10/44. 
For the past 3 — 4 months he had been experiencing pains in Ihe left thigh 
and calf when he Nvenl for long Nvalks. TJio pains appeared fins, in ihe calf, 
and if he continued walking they went up info the Ihigii, reaching a.s far 
up as the groin. After about Ti minulo.s’ rest flio pains disappeared, lie Nwas 
investigated by me in the beginning of October 1044, 

The pulse was palpated in all the usual place.s in liic right leg. In the 
left leg, the pulse Nvas fell in tlic inguinal region. If. was also palpable, in the 
popliteal fossa bnl here it Nvas weaker than on the right side. In the foot 
the pulse was not clearly distinguishable. 

Determination of the skin temperature in the toes with a rising body 
temperature indicated the presence of a mild degree of arlerial occlusion 
in the left leg. 




44 


TOnSTEN LINDQVIST. 

Osci]]omefric exaniinalion proved that in the resting limb the pulsa- 
tions in the left calf went as high as 22 mm and thus were within the nor- 
mal range, hut in the right calf the 3 ^ were 40 mm and thus the pulsatibns in 
the left leg could not be described as normal. Figure 6 shows the tracings 
obtained after rest and after exercise. We see from this figure that in con- 
sequence of a walk lasting 45 minutes, after which time there Avere only 
mild pains in the left leg, there was a marked decrease in the pulsations in 
the left calf. After 3 minutes’ rest the pulsations showed a considerable 
increase. At the end of 9 minutes they had resumed their original size. 

Discussion. It is clear from these case reports that in some 
cases of intermittent claudication a considerable decrease in the 
oscillations in the affected calf occurs in connection with exertion 
(cases 1, 2, 3, 7, 8). A decrease of this kind is to be observed not only 
in cases 3Yhere the sympathetic innervation to the area in ques- 
tion appears to be completely cut off (cases 1 and 2), but also in 
those in which the sympathetic nerves have been left intact (cases 
3, 7, 8). A decrease can be seen in cases displaying a high degree of 
arterial obstruction (case 1) as well as in those in which the occlud- 
ing process has reached only moderate proportions (cases 7 and 8). 

Ob\dously, however, it is not all cases of intermittent claudi- 
cation that display this decrease in the pulsations in the painful 
calf after exercise. On the contrary, there is often an increase in 
the size of the pulsations in the working limb (cases 4, 5, 6). An in- 
crease of this kind occurs both in patients upon whom an apparently 
successful lumbar sympathectomy’ has been performed (case 4) 
and in those in whom the innervation by the sympathetic fibres is 
unimpaired (cases 5 and 6). 

Especial interest is attached to case 2, where there was a marked 
decrease in the pulsations after exercise at first but where, after 
a long course of estrone injections, there occurred a distinct in- 
crease in the oscillations in connection with work. Observations 
from several similar cases are necessary’ before it is possible to 
decide whether this finding can be considered to have a general 
application. 

Is this frequently occurring decrease in the pulsations to be 
interpreted, then, as an abnormal arterial spasm, or can it be 
regarded as a normal reaction in a segnrent of an artery containing 
pathologic changes in accordance with the line of reasoning 
suggested earlier in this paper wth regard to the arteries in the skin 
on the foot? 
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In order to find an answer to Uiis quesUon it is necessary fh st 
of all to know how the oscillations in the calf ])chavc in the woiking 
limb. This aspect has been studied fairly thoroughly by /Vnclre- 
Thomas (28), who found there Avas an increase in the pulsations. 
These findings were verified later bx' Ejrup (25). I inj'self have 
examined about 20 healthy subjects from this point of xiew, and 
my experience has been that there is always a noticeable inciease 
in the size of the oscillations in connection with exercise. Some of 
these examinations Avere carried out as early as 1939, Avhile I Avas 
working in collaboration with Dr. Lax at the National Hospital in 
London. 

Thus, Avhen the normal reaction of the arteries in the calf to 
exercise is a dilatation Avhich makes itself apparent in an increase 
in the size of the pulsations, it would seem logical to assume that 
a decrease in the pulsations is a sign of a pathological spasm of the 
arteries. 

Hustiii (24), liowcver, strongly opposes this view. In his opinion, 
the decreased pulsations arc not signs of an active A'ascnlar con- 
traction; they arc Avholly and solely the result of an imjAairment of 
the blood flow. The muscles situated above the obslructiori require 
an increased amount of blood during exercise, and there will then 
he a purely passive decrease in the supply to tlie segment of the 
vessel beloAA' the obstructed area; the pnlsalions in this area thus 
automatically decrease. 

One objection that can he made to tins reasoning is that in nor- 
mal subjects the blood supply to tlie Avorking limb is sufficiently 
abundant to furnish not only Ihc muscles in the upper part of the leg 
but also those lower doAvn with the larger amount of blood that is 
required. If the muscles of the thigh in normal persons do not 
»steal» the blood from the muscles lower doAva during exercise, 
Avhy should .this occur in persons A\’ith A'ascnlar disease in aa’Iioiu 
tlie blood floAv to the loAvcr part of the leg is in any case smaller 
tlian it is under normal conditions? 

In support of his theory, TIustin stresses the fact llmt when the 
skin temperature in the toes is being measured after spinal anesthe- 
sia, in patients Avith arterial obstruction, there is sometimes a 
drop in the temperature instead of the usual eleAmiion. The blood is 
conveyed to other areas, the feet receive less than before His 
observation is unaoiihledly correct. I myself have liad the op,, or- 
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tunily to oJjservc several cases in which there was a drop in tlie 
temperature in the toes after spinal anesthesia. My attention was 
first drawn to these cases by Dr. T. Sahlstrdm. Tlie interpretation 
we always placed on this phenomenon, however, was that it was 
due to the lowering of the blood pressure occurring in connection 
with spinal ancsthc.sia; this drop causes a reduction in the blood 
flow. But there is no lowering of the blood pressure during e.xercise; 
on the contrarj-, it rises, and the conditions in the working limb 
are therefore not analogous to those following spinal anesthesia. 
lluKs, the conclusions reached regarding one type of experiment 
can not be applied to the other type. It seems to me, therefore, 
that the decreased pulsations are not to be explained as a physio- 
logical reaction in a vascular system in which there are stnictural 
alnionjialilies. 'Hie only other solution Avould seem to be to inter- 
pret them as pathological contractions of the arteries; in other 
words, as arterial spa.sm. 

Tlie question of whether arterial spasm has any share in pro- 
ducing intermittent claudication might therefore be answered by 
saying that in certain cases of structural vascular disease arterial 
spasm occurs in connection with exercise, causes a further reduc- 
tion in the blood supply to the working muscle, and thereby helps 
to aggravate the symptoms. Spasms of this type do not occur in all 
patient.s, however, and in those in whom they' do not occur the 
structural narrowing of the vessel and the consequent relative 
degree of ischaemia must be regarded as the only explanation of 
the symptoms. 

Nothing can be said witli certainty as yet with regard to the 
reason why' these siiasms occur in certain patients. As the present 
investigation has shown, it is bcy'ond all doubt that they can occur 
in cases w'hcre no sympathetic impulses are reaching the vessels 
of the calf from higher centres, and the cause in these cases can thus 
under no circumstances be an increase in the vasoconstrictive 
impulses passing through the sympathetic nerves. There is no rea- 
son, therefore, why' this factor should be of any particular signi- 
ficance in cases where the sympathetic innervation is unimpaired. 
This point needs to be stressed because it is often asserted in the 
literature that all arterial spasms are to be regarded as being due 
to an increase in activity by way of the sympathetic innervation 
[cf. Sunder-Plassmann, (15)]. The question of whether the sy'in- 
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pathetic nervous system plays any part in the production of arte- 
rial spasm in a given case can be decided by studjdng the oscilla- 
tions before and after work, under ordinary wnditions and after 
complete blocldng of the lumbar sympathetic system has been 
achieved. [For further details, sec Lindqvist, (29)]. That substances 
formed locally should be responsible for the spasm is now no lon- 
ger considered likely, the present conception being instead that 
substances possessing marked vasodilator^' properties are formed 
in an ischaemic area. [For summarized accounts of the mecha- 
nism see Lewis, (18), and Ratschow, (22), See also Lewis, Picke- 
ring and Rothschild, (30)]. Further investigations on the influence 
exerted by various pharmaceutics in the occurrence of the spa.sm 
may possibly provide information both as to the cause of the spasm. 
and to a suitable therapy. 

Tlius, a complete investigation on a case of dy.sbasia intermit- 
tens ought to throw light on whether the signs and symptoms are- 
due solely to structural contraction of the arteries or whether arte- 
rial spasm is also present. Only by means of oscillomelric examina- 
tions carried out both on the resting and the working limb can we 
obtain an answer to this question. 


Summary. 


There is still much uncertainty as to whether arterial spasm 
contributes towards producing the syndrome in intermittent 
claudication. After a critical study of the reasons advanced in the 
literature to account for the existence of arterial spasm the author 
comes to the conclusion that it is quite possible that arterial spasm 
can be present in intermittent claudication but that there is no 
proof that such is the case. 


In his own series of intermittent claudication cases the author 
finds that a decrease in the oscillations in the calf can occur in the 
working limb but that in some cases there is instead an increase in 
the size of the oscillometric tracings. A decrease in the tracings is 
found in both severe and mild forms of vascular disease, and both in 
patients with unimpaired sympathetic innervation and in those 
who have undergone a successful lumbar sympathectomy. In the 
cases where there is a decrease in the pulsations the only exnlain- 
tion seems to be a pathological arterial spasm. 
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Contribution to the knowledge of the pathogenesis 
of amyotrophic lateral sclerosis. 

liy 

ERIK ASK-UPMARK. M. D. 

(Submitted for publication .Tanunry IG, iGtrO- 


Abiyotropliic lulcral sclerosis is, alliioogh a raiitcr rare tliseast*. 
of partieiilav interest with regard to the uosogra])hy, siticc it repre- 
sents a syndrom invol\ing the upper as well as tite lower motor 
neuron. Tlie symptomatology is hence extvetnely eliaraclcrislic; 
tlte connection of atrophy of the nuisclcs of the liand, particularly 
so the thenar and hypothenar eminences, with pyramidal symptoms, 
not least so with regard to the reflexes of the arm. and the ab.scnce 
of any sensory' disturbances, is resembled by Jio other organic dis- 
order of the nervous system. The disease thus rcimescnis a well- 
defined entity with regard to the clinical diagnosis, corrcsiionding 
to a most typical pathological anatomy, affecting the motor cortex, 
the pyramidal tracts, the bulbar nuclei and the anterior born cells. 
Wliilst our hnowledge about the clinical pathology hence is fairly 
complete, the problems about etiology and pathogenesis have 
i-emained almost as obscure as the therapeutical achievements have 
been poor. Briefly summarized, the following factors have liecu 
accused as causative agents. 

1. »Exposure to cold, privation, frigiit, injuries such as fall on 
the back, mrus and bacterial infections and toxic processes includ- 
ing lead poisoning .syphilis, chronic encephalitis „ 

i — Acfa rned. scanilinav. Val. CXXJ, 
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(Davison in his chapter on amyotrophic lateral sclerosis in Tices 
Medicine), 

2. An abiotrophy of the motor system, which is considered to 
have certain potentialities but when, towards the middle age, the 
strain on the system becomes too great degeneration is liable to 
start (Spiller and others). 

3. An avitaminosis, represented possibly by the deficiency of 
vitamin E. Ihis theory is based mainly on certain experiments in 
animals, which have been deprived of vitamin E and eventually 
developed a motor sjmdrom, somewhat resembling tJie disorder in 
question (Einarson et ah). 

The present paper wall attempt to furnish a contri])ution to our 
hnowledge about these questions. It is based upon three cases, 
in whom amyotrophic lateral sclerosis has developed as a compli- 
cation to ohter disorders of the nervous system. The observations 
run briefly as follows. 


Material. 

Case 1. Woman, aged 63, unmarried. Applied to my ofjice Dec. 12th 
1942. Invalidity since the age of 11, when she had poliomyelitis, with 
paresis of both legs. With the assistance of orthopedic boots and one stick 
she has been able to carry on to some degree indoors, busying herself wth 
nursery and educational work but also with knitting and such works, her 
ai’ms and hands being unaffected by the poliomyelitis. Wien outdoors she 
has been driving a tricycle by means of her arms. Last 5 years her hands, 
most so the right one, have been impaired, she has been unable to do 
small movements such as pulling a watch, knitting, -writing. These sym- 
ptoms have been particularly pronounced during the last year. — General 
condition good. Blood pressure 160/100. Both legs severely paretic, atrop- 
hied, cyanotic. Babinski negative. The thenar and to some degree the 
hypothenar eminences of the hands, most so the right, are atrophied, 
whilst the sensibility is entirely unimpaired and the reflexes of the arm are 
markedly increased. 

There could be no reasonable doubt with regaro to the diagno- 
sis: amyotrophic lateral sclerosis in a woman, previously disabled 
by poliomyelitis of her legs. Subsequent examinations on repeated 
occasions have confirmed this impression. 

Case 2. Woman, aged 45, unmarried. [Med. Clin. 2104 and 224311939, 
admitted Aug. 24th, died Oct. 19th 1939). men 18 years of age poliomyelibs, 
causing remaining paralysis of both legs and paresis of lower half of ^ 
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tninc but leaving ilie arms unaffected. By means of cnUches «rUio. 
pedic bandages she has been able to cairy on and was during the last 18 
years teacher in a department for disabled. Nov. 8th 1937, i. e. not quite 
two veais ago, she had an accident when one of the crutches gave away: she 
fell towards the wall with the right side of her head whilst the right shoulder 
was forced downwards, and the head thus bent over to the left side. She felt 
pains in the left half of her neck and her left shoulder but it was not until 
about 3 weeks later Ihat a certain weakness of the left shoulder and the left 
arm did appear, connected with severe tremor. The jiains and the tremor 
disappcaied but the paresis of the arm eventually progressed so that in 
Sept. 1938 she was unable to u.ce this arm. E.vaminations in other hospitals 
revealed a certain atrophy of the left arm and considerably increased 
refle.xes of both arms, even clonus was obtained and Tromner was positive. 
Jan. 1939: the right arm began to be paretic, at first in the shoulder, later 
on a].so in its distal parts. During this year (1939) the speech has been im- 
paired and slurred and at limes dj'sphagia has been jiresent as well. — 
The examination in the hos]utal on admit lance did reveal a fair general 
condition, a moderately increased blood pressure (190/110), nonnal blood 
morphology and fempcralure, tachycardia. Kcurologically she had without 
doubt a poor facial motility (masque), a complete, flaccid paralysis of both 
legs and abdominal wall, paralysis of the left arm and hand and paresis of 
the right .shoulder and arm; the reflexes of the arms were extremely .spastic, 
even so as to produce clonus. Her speech was difficult and slurred. AMiilst 
in the clinic her general condition went downhills, urinary infection appear- 
ed, drowsiness became pronounced, the difficulties to speak and to swallow 
increased and she died Oct. 19lh. 

Jn Hiis case Hie diagnosis was difXicull. It was pcrfcclly obvious 
Hial she had an old ])oIiomyclilis. it was prolmlilc Hint .she liad 
acliieved a certain Parkinsonism Imt the increased reflexes and the. 
obvious jmre.ses of the arms called for additional explanation. 
On account of the accident .she had remained, during lifetime, a 
pioblem to the Accident J3oard. No injuries to the bones in her neck 
weic bionght about and as for a plexus injury this possibility was 
ruled out already by the fact that the i)arcsis\lid not appear until 
3 weeks after the accident, let alone that it was of spastic charac- 
ter. Hie ])ossibility of amyotrophic, lateral sclerosis was considered 
since the sensibility was entirely unaffected Imt the obvious Par- 
kinsonism made it a bit uneasy to add a third disorder of the nerv- 
ous .system. I'he necropsy, however, which was performed by pro- 
fessor h. Sjovall, revealed besides of the old poliomyelitis not only 

iinpismcnted 

'"•c.n,! 
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/i of spinal cord in case 2, stained ad niodum Spielmcycr. 

The involvement of the pjTamidal Irnels is easily to be recognized. 



fig. 1. b. Transection of spinal cord in case 2, stained ad modum Mallory. 
The sclerosis of the anterior liorns by means of gliosis is to be seen. 


Case 3. Man, aged 30 (Med. Clin. 3027ll9di; previously examined 
in the clinic 1936, 1939 and 1940). Congenital spina bifida of L 3, L 4, L 5 
and sacrum + Meningocele in the lumbar region + Hypertrichosis of 
the same region. Previously essentially in good health. 1933, i. e. 11 years 
ago dyspeptic disturbances, causing him to use diet; radiographj' of tlie 
stomach and the duodenum failed to disclose anything abnormal. During 
the last 10 years increasing weakness and rigidity of the legs, most so the 




Imc. 2. Tiw liaiuls of case 3. 'l lic niarkcil afrophy «>f the uuisclcs of the rlfehl 
hand is to iiu rccoftni/.cd. Ko dislurbanccs of the sensibility Pronounced spastic 

reflexes. 


riglit one. Ol'-served on .sever.'il occasions in llu* clinic, I'rcsciitinff ripitlifj 
and spasticity of the ]cp.s (parlictilarly the right), positive Bal>ins!vj and po- 
sitive Oppcniicim. The ineniiiRocelc was <»peralcd in IP.Il) n'illi jjo iinpi-ovt*- 
menf with regard to the logs. Various orthojx'tiic inlervention.e have been 
performed (tenoloniy in (he itigninal regions in 1012. orthopedic hoots in 
19‘13). During the last .'i years (he .symptoms have, made it impo.‘=sihlo tor 
him to walk except l»y Die help of n .stick; he had also to give up carptuiting, 
gardening etc. hy means of which he had Inisied liini.seU since the onset 
of the symptoms, previously doing engineering and driving. About 5 ycaivs 
ago a weakne.ss wa.s fell in the right iiand and this weakness has conli- 
nuou.slj’ increased so that he, hy now, is unable to use (he hand for writing, 
dressing, cafing and so on; (lie paresis lia.s engaged also the right arm so (hat 
he has difficnUic.s to pnt (lie right hand to the mouth. His general condi- 
tion was at first fairly good hut ovenltially (he nutrition has suffered; 
his appetite has been very poor, di.sappearing already wlieu he saw the 
food, he Ita.s had certain alidoniinal discomfort (dyspeptic, disturbances 
from fat food) and his ability of eating has Jieen impaired also by (he con- 
dition of his right hand and arm and by his very poor denial slate. His 
bowels have become sluggish and for fhe last 5 years he has had a feeling 
of anesthesia in the rectum, .so lliut he is unahle to fool when the defeca- 
tion has been coinplolcly performed. The lofl eye has had a cataract for at 
least 9 years, more so during recent years. — 'J’he examination in the 
clinic revealed a somewhat reduced nutrition, a normal blood pressure 
and normal conditions from lungs, heart and abdomen, as observed by fhe 
pJiysical examination. Denial condition poor. Mental ahilUies normal, al- 
though ho for obvious reasons is somewhat depressed. He is abh.' to walk l>y 
moans of a stick but the g.ail is very nmch impaired, the right leg being al- 
most completely paralytic. Babin.ski was positive, ankle jerks not to be eli- 



54 


EKIK ASK-UrjIAUK 


cited. The left ai‘m and liand does not present any paresis but he is unable 
to put his right hand in the neck. The right hand presents a most pro- 
nounced muscular atrophy and he is unable to extend the lingers; as a mat- 
ter of fact it is a typical claw hand {main en griffe). The reflexes of both 
arms arc considerably increased, Hoffman positive in both hands. The 
sensibility is entirely unimpaired. On previous occasions Wassermann 
has been examined repeatedly in blood and liquor and alwaj's been found 
negative. Myelography by means of air was performed some year ago 
and failed to disclose any expansive lesion ^\halsoever in the spinal canal, 
which was on Uic contrary rather wide in its distal parts, owing probably 
to the vertebral malformations present. 

In this case the character of the lesion of the legs is difficult 
to ascertain but it seems probable that it is connected with the inal- 
formational conditions, demonstrated by the jjresence of a spina 
bifida meningocele. The fact that the sym])toms did not appear 
until the age of 29 does by no means rule out this possibility. With 
regard to the lesion of the arms, the connection of pronounced 
atrophy of the muscles of tlie hand with the intensely increased 
reflexes of the arms, the positive Hoffman and the unimpaired sen- 
sibility makes it probable that it deals with amyotrophic lateral 
sclerosis. It should be observed that the disorder of the legs did 
precede that of the hand by 5 years. 

Comment and discussion. 

Among the three cases here described the diagnosis seems to 
be established with reasonable certainty by clinical means in 
the first and the last case, in the second case, which was perhaps 
the most complicated one, the diagnosis was suspected in vivo 
and eventually confirmed by the necropsy. All three cases have in 
common the development of amyotrophic lateral sclerosis in indi- 
viduals previously disabled by other diseases with regard to the 
motility of their legs, in case (1) and (2) by poliomyelitis, in case 
(3) by a malformational condition of the spinal cord. ^ In all three 

* A fourth similar case may or may not be represented by an old woman in 
the seventies who applied for assistance at my office beeause of a very severe 
arthrosis deformans of the hip joints, whieh had forced her to use crutches for 
several years. The muscles of her hands were without doubt atrophied as In 
amyotroplric lateral sclerosis, a corresponding wcalcness of the hands wa^ 
experienced as well and no sensory disturbances suggesting any neuritis or 
syringomyelia were to be elicited. The reflexes of the arms were obviously vivid 
but if they were increased I could not tell with certainty, because of which 
this case has been excluded from the material, although it was felt to represent 
an amyotrophic lateral sclerosis as well. 
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instances the patients had to rely upon their arms and hands not 
only for the daily ^vork hut more or less also for the locomotion 
It seems entirely possible that the heavy strain hence excr cd 
upon the system of available motor neurons is liable to favom the 
appearance of tlie disorder in question. If such be the case one has 
obviously to reckon vdth the possibility of the development of 
amyotrophic lateral sclerosis in individuals accordingly disabled. 
The objections inaj' be raised on the one side that not all indi- 
Niduals Avith more or less immobilized legs do present the syndrom 
here discussed, on the oilier hand that several instances of amyo- 
trophic lateral sclerosis are liable to appear unheralded by another 
disorder of the legs. It is hoAvevor obvious that the factor here 
stressed as responsible — the undue siirmcnagc or exertion of 
the motor system in order to compensate the immobility otherwise 
experienced — should onh’- be looked upon as a contribiitoiy cause. 
The aspect here marshalled i.s, however, entirely compatible with 
the idea of an abiotrophy of the motor s 3 ’sleni: in indimduals ac- 
cordingly disposed this abiotrophy is liable to be fncilitalcd bt' the 
strain on the motor neurons still available for use. 11 is by no moans 
impossible to harmonize this approhension with the observations 
suggesting a deficiency disease due to the lack of necessary sub- 
stances such as perhaps vitamin H. It is perfectly obvious that 
the nervous sj'stem and not least so the motor neurons are apt to 
suffer from a malnutrition and it moA' be remembered that in an 
otherwise entirety different condition, iioliocnccphalilis hemorrha- 
gica superior Wernicke, conchisiA'c evidence, has been brought 
forward, suggesting the character of a deficiencA’ SA’iidrom (efr Kcu- 
biirger s obseiwaiions in man, Putnam-Alexander’s in pigeons); 
the same goes, of course, for the affection of the spinal cord in per- 
nicious anemia. With regard to the nutrition in the present matc- 
lial it may be said that case (2) and case (3) represented poor people, 
Avhere the nutrition Avith certainly Avas not too good and Avliilst case 
(1) Avas fairly Avcil-off her manual disability had advanced rapidlv 
m connection Avilh the restrictions necessitated bv the Avar condf- 
tions. It seems important that in the future due u-gard is given to 
he nutritional conditions wlien analyzing a ease of amyotropliic 
a craJ sclerosis; the presence of a severe gastritis may mean somc- 
ng The ina ter is another evidence for tlie imporlancc of a close 
connelcion belAvecn general medicine and neurology. 
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Briefly summarizing the discussion it may be said that the 
following factors are liable to be of importance for the development 
of amyotrophic lateral sclerosis: — 

1. An individual disposition towards abiotrophy of the motor 
system, as supposed by Spiller and others. 

2. An undue strain exerted upon the motor system available, 
as demonstrated by the present material. 

3. A malnutritional factor, possibly represented by vitamin E, 
as suggested by Einarson and Ringsted (1939). 

AVith regard to the other causes, occasionally accused, the ma- 
terial did not 5 'ield an}'^ conrtibutions. It is true that in case (2) a 
traumatic injiirj^ did precede the development of the syndrom but 
although a connection with trauma is suggested by some authors 
it is difficult to see how such a correlation may be brought about; 
in cases (I) and (3) no injuries rvere present. Case (2) was remark- 
able also Avith regard to the presence of an extrapr^amidal syndrome 
but since the amyotrophic lateral sclerosis represents an affection 
of the pyramidal system it is difficult to untangle any correlations, 
although it may he admitted tliat a conrmon cause (exertion? defi- 
ciency?) may be responsible for both affections (Wimmer has sug- 
gested a schronic encepbalitis» as a possible causative agent in 
amyotrophic lateral sclerosis). 


Summary and Conclusions. 

1 . Three cases of ’am 3 mtropliic lateral sclerosis are described, in 
whom the disease appeared as a complication to a previous long- 
standing disability of the legs, caused by other disorders (polio- 
myelitis, malformations). 

2. It is suggested that the heavy strain, exerted on the motor 
system available for use, in order to compensate the immobility 
otherwise present, may favour the development of amyotrophic 
lateral sclerosis. This aspect is compatible not only with the appre- 
hension of an abiotrophy but also with the probable importance of 
8 malnutritional factor. 
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On Hereditary and Familial Conditions in Gastric 
Ulcers and Duodenal Ulcers. 

By 

THOR SALLSTROM, M.K. 

(Sul)niitlC(l for publfcnHoii November 20, lOM). 


It has long been observed that gaslrie ulcers nml other gastric 
diseases are to be found more often in the familial anamnese.s of ul- 
cer patients than in tliosc of persons with healthy .stomachs, llie 
first real investigation into these conditions was ])ul)lished by 
Plonies in the year 11105. Since then a great dca’ has been written 
on the question of the significance of heredity on gastric ulcers and 
duodenal ulcers. Opinions as to the part played liy heredity in nicer 
genesis liavc here proved sonre what divergent. 

Many vTilers consider it to be established beyond all doubt 
that hereditary and faurilial factors play an inr]rortant part in the 
occurence of ulcers (Adler, v. Bergmaun nud Katsch, Bauer aud 
Aschner, Huttcr, Kalk, Mallj.sson, Nicol, Spiegel, Strauss and 
others). The hereditary factor is said to lie in the coirstitulion or in 
a certain condition which is not infrequently observed as a defect 
in the digestive ajrparatns (Bancr and Aschner, Kalk, Spiegel), 

The data as to bow often gastric ulcers arc found in the families 
of nicer patients vary between 5 and 60 %. Matlisson and Nicol 
indicate that ulcers in the anamnesis are found twice as often in the 
case of ulcer patients as in the case of persons with heaUhy sloinachs. 
Strauss states that they arc found in 24 %, Spiegel, Bauci' and 
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Aschner in 2G %. Adler gives the figure as 43 % of ulcer paLients 
but only 5 % of persons Avith healthy stomachs. 

It is natural that the researches into heredity in ulcer cases 
should show such divergent results. Most of the above-mentioned 
investigations were carried out before X-ray examination be came 
a regular practice, and therefore it follows that sometimes the 
diagnoses were certainly not fully reliable. Tlie data obtained 
from the anamneses must also, of course, in many cases be taken 
with great reserve. 

As evidence in sup])ort of the importance of hereditary’ and 
familial factors in ulcer genesis, it has been claimed that there 
are such things as »ulccr families') — i. e. a large number of ulcer 
cases and other chronic gastric diseases in one and the same family’. 
Such »ulccr families') have not infrequently been described in 
writings on this subject (Kalk, Lainer, Ritter and Keller, Weidin- 
ger, Valle). In a number of cases other factors of importance are 
then put forward at the same time. For example, v. Bergmann and 
Katsch speak of vegetative stigmatization, Rossier and Dressier 
of simultaneous endocrin disorders and Michaelsson of a simulta- 
neous neuropathic affection. 

There are, however, authors who deny’ the importance of here- 
ditary’ factors in ulcer genesis (Heissen, Lindlau). Heissen finds the 
familial occurrence of ulcers and gastric diseases among ulcer pati- 
ents in only 5.5 % and maintains that the exogenous factors are 
the most important. Lindlau also shows a low proportion — only 
3.7 %. Regenbogen has criticized Lindlau’s work and has found 
his examination methods unsalisfactoi-y’. 

In the study of hereditary conditions from clinical material one 
must employ the method of deduction or the anamnestic method. 
One starts here with the jjatient and tries in one way of another to 
trace his antecedents. It is quite clear that when one is dealing 
with a disease like ulcers, it is frequently veiy difficult to obtain 
exact information from the anamneses. 

The material obtained can then be treated in various ways. The 
most usual procedure is to work out statistics from the family 
anamneses that have been obtained and by’ means of comparison 
with the normal material, which has been treated in the same 
way, to form some idea of the effect of heredity. This metho 
has the disadvantage that, particularly if the heredity is of a 
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nmterial is somewhat one-sided, in that it only covm-s the families 
has already inanifcslcd itself m one oi more 
f»i->nnt.vnps. 


in which the disease iias uucauN 

individuals, while families that are hearers of similar genotype., 
although the genotypes for various reasons do not npppar in le 
generation represented, do not enter the picture. TIic conse- 
quence is that the presence of the hereditary tendency under 
study in the material examined may appear greater than it actually 
is. In order to avoid these misleading sources scvcial diffcient 
statistical methods have been worked out (W^cinherg’s hrolher- 
and sister method, Bauer’s and Aschner’s compensation and exclu- 
sion method). My material is unfortunately not suitable for treat- 
ment according to these latter methods hut will he ticatcd j)Uiel\ 
in accordance with tlie .simple statislical-comparnlive metliod. 

With the object of .stud 3 dng familial and hereditary conditions 
in ulcers, I have collated ulcer material from the Seiafimer Hos- 
pital’s Medical Clinic covering the years 1930 — 1912 — in all, (>81 
cases of gastric and duodenal ulcers. The examination was primarily 
intended to take the form of a study of the journal.s, hut it soon 
liecanie clear that, despite the fact that it wa.s a cpicstion of using 
journals kept at a university clinic, the data concerning familial 
conditions were in many cases totally absent. It Ihereforc became 
necessary to send out a questionnaire to the patients in order to 
obtain definite information concerning their anamneses, ’i’his ques- 
tionnaire asked for accurate information concerning gastric 
ulcers and ulcers in the duodenum and also cancer in the stomach 
in their families. It was asked inter alia whether the patient’s 
relations who had ulcers or cancer had been treated for their com- 
plaints at hospital or at home only. The patients were requested 
also to get their information confirmed by their relations In 378 
cases (approximately 50 %) replies were received to the question- 
naire that had been sent out. In a considerable number of cases it 
appeared that the patients had really taken some trouble over their 

Jhe mateml received must therefore, iu view of the a„s vers t 
garded as satisfactory. This is parlicuiarly 11, c ease who,, casi,t 
nlcors have occurred m the auaumesis, who™ i„ the 
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Tabic 1. 

Familial condiUons in cases of gastric ulcers. 

uigf == malcrnal graudlalHcr, 


pgf = paternal grandfather, 


]rgni = i)atcrnal grandmother. 
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of the eases Uic rclalioils affliclcd Avilh ulcers had been treated at 
hospitals for their complaints, and in this way of course the sug- 
gested diagnoses gained in accuracy. It Avas not the same as regards 
the data on cancer of the stomach. Not infrequently the patients 
merely slated in their replies that someone in their family had died 
of cancer of the stomach without gmng any further particulars. 
Owing to the unreliability of this information, 1 have refrained from 
dealing in nw investigation with heredity in the case of cancer. 

Tables 1 and 2 show the results of the investigation. The cases 
are dmded into gastric ulcers and duodenal ulcers. I have done 
this because the uTitings on the subject contain statements to the 
effect that gastric ulcers and duodenal ulcers differ as regards 
familial conditions and that this difference shows a fundamental 
dissimilarity between the two types of ulcers (Nicol and others). 
From these tables it can be seen that the familial occurence of ulcers 
is at the most 50 % in the case of duodenal ulcers. It seems to be 
somewhat less in the case of gastric ulcers, where it stands at 36 %. 




























OK )ir,nF.piTAnT 



There is, llo^Yever, no definite statistical difference Ijctweeu the 
two types. 

In order to obtain material for comparison, I have proceeded in 
two different ways. In the first place, anamneses wdlb reference to 
tlie familial occurence of ulcers and cancer have been recorded 
and studied in the case of patients who visited Scrafimer Hospital’s 
Medical Policlinic during September — ^Novcml)er lOdS, though 
only, of course, in the case of those who themselves have never 
had nor been suspected of having ulcers or any chronic gastric 
disease. In all, 426 patients have been examined for this purpose. 
This material relating to patients with healthy stomachs comprises 
both sexes to the same extent and all the adult ages. 

In the second place, while on duty at a military hospital, I have 
had the opportunity of closely studying in the same way the fami- 
lial conditions of 283 soldiers wiio themselves have not liad any 
stomach trouble but have for the most part been treated at the 
hospital for sciatica, affections of the joint.s, skin and venereal 
diseases, and whose ages ranged from 20 to 40. 




















G2 


Tlton SALLSTnoM 


Tabic 3. 

Familial conditions in a »nonnn ]» body of material. 

paternal griindfallier, p^i = paternal grambnother 
mgr = malemal grandfallier.mgm = maternal grandmother. ’ 
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Tile entire material of persons with liealtlij’’ stomachs comprises, 
then, 709 casc.s, of which ahonl 70 % were men, and this correspon- 
dens fairly closely with the composition of the nicer material as 
regards the sexes. 

As to reliability of the material obtained, it should be stated 
that the information has cveiy where been obtained in approxima- 
tely the same way except for check on the ulcer material by means 
of the witten questionnaire. Gastric ulcers are such a common 
disease that nowadays most people arc familial wth it, moreover, 
during the last 10 or 20 years much has been done in a popular 
waj" to improve the public’s knowledge on medical questions. Hos- 
pital jiatients in a big city like Stockholm must be fairly well in- 
formed on this subject. It has often been stressed that ulcer patients 
must find it easier to recall cases of gastric and duodenal diseases 
in their families than other persons vith healthy stomachs, and 
this sounds quite plausible. It seems to me, however, that scarcely 
anyone who maintains contact with his family would not know 
about it if a disease such as gastric ulcer were to occur in the famity. 
Moreover, gastric ulcers for the most part require a long stay in hos- 
pital and often render the patient incapable of working for a con- 
siderable time. 
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amieiad conditions in gasthic 


ulceus etc. 


Table 4. 


In anamneses of 


137 gastric ulcer 

patients 

246 duodenal ulcer 
patients .... 
Total of 383 ulcer 

patients 

709 patients \vitl 
healthy stomachs 


Both father 

and mother 

with ulcers 


Father with 
ulcer 

Mother with 
ulcer 
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Ulcers in relations of 
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with ulcers 
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Tables 3 and 4 show the figures for the »iiorniah> material. 
The difference between the two sets of material is obvious. In onl)'^ 
8.5 % of the cases of persons with healthy stomachs are gastric 
ulcers found in the family to have occured. The difference is so 
great as to be statistically certain. It can therefore be staled that 
in this investigation the familial incidence of ulcers in the case of 
ulcer patients is clearly much greater than in the case of other 
individuals. 

A closer analysis of the tables shows that a large number of 
the ulcer cases are to be found amongst the patients’ brothers 
and sisters. As regards the older generations, no definitely greater 
incidence of ulcers can be shown here for either the agnates or the 
cognates. It is sometimes maintained in writings on the subject 
that the hereditarj^ propensity is transferred by the mother. Tliis is 
not the case, however, in this material. 

In view of statements in the literature on this subject to the 
effect that patients afflicted with ulcers at an early age almost 
invariably inherit the disease (von Bergmann and Katsch, Kallc, 
Mattisson), I have selected patients under the age of 25 from 
amongst my material, and have collated their familial conditions as 
regards ulcers (Table 6). It can be seen that out of 11 cases of gastric 
ulcers wuthm this age group 6 were hereditarily disposed to ulcers 
Which is equivalent to 55 %, and out oj 48 cases ol duodenal ulcers 
33 showed the lamiUal occurrence of ulcers, which is equivalent to 
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Table 5. 


In familial 
anamneses 
are found 

In 383 ulcer 
patients 

In 709 persons wit! 
healthy stomachs 
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Table 6. 


Familial conditions in ulcer cases under 25 years ol age. 
pgf = paternal grandfather, pgm = paternal grandmother, 
mgf = maternal grandfather, mgm = maternal grandmother. 
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69 %. This is a higher percentage tlian for the whole of the material 
(45 %). The difference is not, however, statistically certain. One 
indication that the disease in these younger cases are more diffi- 
cult of prognosis seems to be that patients vdth gastric ulcers 
underwent operations for their disease in 25 % of the cases as 
against 12 % vdthin the whole material, and patients vdth duode- 
nal ulcers underwent operations in 17 % of the cases as against 
8.7 % in the entire material. Moreover, the tendency to a relapse is 
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unusually great in these young cases, being in the case of gastric 
ilers 82 and in duodenal ulcers 86 %. All the iignrcs must, 
ho^vever, be taken mth reserve as the nimihers dealt Avith arc quite 


One factor that is often put forward as eiddence of heredity 
in ulcers is tlie existence of .mlcer families-),. In itself this factor 
does not necessarily indicate heredity, but if an obviously laigei 
number of ulcer families arc found in the cases which have had ulcers 
than in those of persons uith healthy stomachs, it must be accord- 
ed a certain degree of importance as evidence. Moreover, ulien a 
large or moderate!}' large number of cases of the disease occurs in 
one family, one can probably reckon on obtaining reliable infor- 
mation both from patients amongst the ulcer material and from the 
normal material. 

I have therefore examined the different .sets of material to 
ascertain whether there has been an accumulation of gastric di- 
seases, and Jiave olilained Ihc following results: In the families of 
patients with gastric ulcers there have liccn 8 cases of an acemn il- 
lation of gastric diseases in the family (8 out of 135 cases of gastric 
ulcers), in tlie families of patients wiLji duodenal ulcers tliere have 
been 21 cases of accumulation of gastric diseases in Die hamily (21 
out of 243 cases of duodenal ulcers) and in the families belonging to 
the ohealthy stomach-) material there have l)ecn 4 case.s of accumula- 
tion of gastric diseases in the family (4 out of 709 cases of ])ersons 
with licalthy stomachs). 


rtie normal material; 

1) inotlier ulcer, 2 maternal auiils cancer of (tic stoinacli, 

2) father, brother and a paternal cousin ulcers, paternal graiidiuother 
and paternal uncle cancer of the stomach. 

3) maternal aunt, sister and paternal cousin ulcers, naterua! uncle 
and maternal aunt cancer of tlie stomach. 

4) sister ulcer, mother and brother cancer of (he stomacli. 

Gastric ulcer material: 

.toll " ' ^ 

3) mother and 2 sisters ulcers. 

4) mother and 4 brothers uIcor.s. 

5) maternal aunt and 3 brothers ulcers. 

5 Acta med, scandlnav, Vol. CXXJ 
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_ 6) paternal grandfather, maternal grandfather and 2 sisters cancer of 
the stomach. 

7) father and mother cancer of the stomach. 

8) father, mother and maternal aunt cancer of the stomach. 

Duodenal ulcer material: 

1) maternal grandfather and father duodenal ulcers, paternal uncle 
ulcer, 

2) father and sister duodenal ulcers, brother ulcer. 

3) mother, 2 brotljers and one sister duodenal ulcers. 

4) mother and 4 brothers ulcers. 

5) mother, 2 brothers and one sister ulcers. 

6) mother, brother and 2 sisters duodenal ulcers. 

7) mother and brother gastric ulcers, maternal aunt ulcer. 

8) maternal grandmother, mother, brother and sister ulcers, father 
and paternal uncle cancer of the stomach. 

9) mother and 4 brothers ulcers. 

10) mother ulcer, maternal grandfather and maternal aunt cancer of 
the stomach. 

11) paternal uncle and 2 brothers ulcers. 

12) 2 maternal aunts and brother ulcers, paternal grandmother cancer 
of the stomach. 

13) paternal uncle, maternal aunt and brother ulcers, father and 
brother gastric trouble. 

14) paternal grandmother, paternal uncle and brother ulcers. 

15) 3 brothers ulcers. 

16) brother and sister ulcers, one sister duodenal ulcer, maternal aunt 
cancer of the stomach. 

17) brother ulcer, maternal aunt and cousin cancer of the stomach. 

18) brother and 2 sisters ulcers. 

19) brother ulcer, mother and sister cancer of the stomach. 

20) mother and brother cancer of the stomach. 

Thus, we find a considerable difference between the occurrence 
of ulcer families in tlie normal material and that in the ulcer mate- 
rial. If Ave only count the families in which ulcers are present in the 
family, the ulcer material shows a frequency of 6.9 % and the 
normal material a corresponding frequencj’^ of 0.57 % (d = 6.33 ± 
1.34). 

Tlie manifest accumulation of gastric diseases in one and the 
same family in the case of families belonging to the ulcer material 
tends to support the importance of the heredity factor in ulcer 
genesis. It should be noted, however, that in the material described 
above the preponderance is caused to a certain extent by the accu- 
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mulation of ulcer cases in Ihc patient’s own generation 'I’lic fact 
that in.this material we also find ulcers in earlier generations lends 
support to the. heredity factor. If, on the other hand, ulcers only 
occur, for example, among the patient’s on’ii hrothers and sisters, 
the causes may in the main he twofold — hereditary disposition 
and the fact that the patient and his brothers and sisters have been 
exposed to tlie same exogenous conditions. An accumulation of nicer 
families in the material need not necessarily, therefore, constitute 
any proof in support of the heredity factor, but the move gcneia- 
tions covered by tlie ulcer family the more significant must this 
family become from the heredity aspect. 


Conclusions. 

The investigation has shown (1) tliat gastric ulcers occur far 
more frequently' in ulcer patients’ families than in the families of 
persons with healthy stomachs, and (2) that there is a considerable 
accumulation of so-called ulcer families in the ulcer material. These 
circumstances are bound to enhance the importance of hereditary 
and familial factors in ulcer genesis. 
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The »alcacid reacfion» — a new qualitative test 
for serum globulins. 

Preliminary report. 

By 

JAN WALDENSTROM. 

(Submitted for publication November 17, 1944). 


The investigations of later years have shown tliat hyperglobuli- 
nemia may be a veiy important symptom both from the practical 
diagnostical point of view and also theoretically. It has also be- 
come clear that hyperglobulinemia is not chiefly a quantitative 
but also a qualitative problem. One or some of the normal globulin 
components might be increased or there maj’- even appear a globulin 
that cannot be traced in normal blood. The closer qualitative and 
quantitative examination of the serum globulin is no simple task 
and often requires a complicated and expensive equipment (electro- 
phoresis apparatus, ultra centrifuge). However, it has been found 
possible with the aid of relatively simple tests to demonstrate 
that the serum globulins may differ qualitatively in different 
cases of hyperglobulinemia. Although the chemical or ph3''sico- 
chemical basis of these tests are still only superficially known, 
they may of course be- of a definite practical value. 

Tlie simplest of these methods is the dilution reaction, when 
an euglobulin fraction may be precipitated. A positive result is rare 
however. Another simple method is the formolgel test. IMore comp- 
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Heated are tlie electrophoretic and ultracentrifugal »^ethods of 
eolation that may give invaluable information rn selected 


A character tliat is easily determined clinically is an index 
100 . ijl3° ^Y^rajcienstrom 1944), expressing tlie influence of tem- 
perature on serum viscosity. Normally this index lies about 100. 
In cases ivith hyperglobulinemia the index may be com])aiativelj 
high even when the globulin is not maximally increased. On the 
other hand cases with veiy high globulin values may liave a noimal 
index. It is thus obvious that the temperature index is chiefly a 
qualitative and not a quantitative character. This is also to a 
certain extent true of the serum viscosity in itself (Waldenstrom 


1944). 

By accident I recently' discovered a reaction that does not 
seem to run parallel with anj^ of the above-mentioned tests. As 
the technique is simple and the results arc obtained very quickly, 
I shall briefly describe the reaction and discuss a few prcliminaiy 
results. Tiie future will show if it is of real value. When the diazo 
reaction is performed it is sometimes of advantage not lo make 
the alcohol precipitation of the proteins as the first stage. A much 
quicker procedure is to add tlic diazo reagent to the serum as in 
the direct reaction and then divide tlie mixture in tAvo equal parks. 
To one of these alcohol is added and the development of the typical 
colour is Avatclzed. When performing this reaction on the serum 
from a patient with liver cinhosis, I noticed that the serum quickly 
gelified. The same reaction was later tested on several sera witli 


an increased content of glolnilin as it was found, that the first 
patient had a considerable hypcrglobnlincinia. In all these cases 
the result was a veiy quick gclification. I liave therefore tried tlie 
reaction systematically on a certain number of jialicnts with an 
increased globulin content of the scrum. 

Hie technique for tlie reaction is the following; To 0,2 ml 
serum is added 0,2 ml diazo reagent (sulphanilic acid dissolved 
m hydrochloric acid). 0.2 ml alcohol (06 %) arc then added, a 
stop watch IS started and the test lube i.s brisklv shaken two or 
three times. Ihe test lube is then left alone and i.s onh- s)i«htlv 
turned m order to determine the moment of gelificalion U is 
important to await the right moment and not sliakc the lube loo 
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early. Tlie gelificalion is regarded as complete if the surface of 
tlic gel Jio longer moves, when the tc.sl lube is leaned. IMany normal 
sera give a gelatinous precipitate after more than 90 seconds. 
The reaction is therefore not to be regarded as positive if it takes 
more than 90 seconds to develop a gel. I have called itthe»alcacid» 
reaction (alcohol and acid). 

The reaction has been modified in several ways without being 
improved. Tlie addition of a larger amount of acid makes the 
reaction slower hut this cannot be regarded as an advantage. 
The use of only h 3 'drochloric acid without sulphanilic acid seems 
to make the gelification less homogenous in certain instances. Tlie 
diazo reagent has therefore been preferred as it is always at liand 
in a laboratorj'. In some rare instances a very firm and quick 
gelification was noted immediately after the addition of h^ulro- 
chloric acid without alcohol. It is possible that this is a special 
feature of some globulin fraction. 

As the reaction consists of a gelification of the serum it might 
be supposed that this is only another way of carrying out the 
formolgcl reaction. I have therefore made both reactions on the 
same serum. Considerable differences were sometimes found. 

On tabic I are seen the palliological and normal sera arranged 
according to increasing lime for gelification after llie addition of 
fonnaldeliyde. It is seen from the table that both reactions follow 
each other pretty' well in tlie majority of cases. Tlie chief difference 
lies in the absolute lime for gelification. This is usually much 
higher in the alcacid reaction. It would naturally have been of 
a certain importance if there had been a definite parallellism. As 
it is however the alcacid cannot be regarded only as a modified 
and quicker formolgel. 

The most extreme difference was found in commercial anti- 
diphteria serum from a horse with a high globulin content (9%) 
.where 3.5 % was represented by alfa- and 4.4 % was beta-globiilin, 
whereas the gamma-globulin was lower (1.1 %). It showed a nega- 
tive formolgcl reaction (6 — 8 hours). Tlie alcacid was positive 
in 5 seconds. In an antitetamis serum the globulin composition 
was about tlie same but tjic content ol gamma-globulin was 
higher (1.7 %). In this serum the formolgel reaction was positive 
in 105 seconds, the alcacid in 30 seconds. Normal horse serum 
showed both reactions negative. 
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Table I. 



S. B. Tumor malign. 
0. F. MyelomaV . . . 
» » 

0. K. T.malign.pelvis 


E. E. Myeloma 

O. W. » 

Anlitelanus serum . . . . 
0. K. T.malign.pelvis 

B. L. Myeloma 

0. W. » 

L. E. Lupus eryUiem.V 

E. E. Myeloma. 

S. F. Cirrh.hep 

H. H. Purp.hyperglob. 

D. B. Myeloma 

K. B. . 

0. E. Cirrh.hep 

M. A. Chron.arthr. 

S. L. Cirrh.hep 

0. E. » t .... 

I. S. High S.R 

W. B. MyelomaV 

P- G. V 

S. E. High S.R. . .-. . 


18” 45 
30” 5 

60” 17 

28” 25 
33" 36 
1T5” 35 

1’30” 19 
1’30” 28 
1’45” 30 
1’45” 1 

1'50” 8 

2 ’ 23 

2 ’ 20 ” 12 
2 ’ 20 ” 22 
3’9” 12 

3’50” 8 

4’30” 30 
5’ 35 

6’ 45 

6 ’ 

6’50” 


8.08 2.96 


E. E. Myeloma ...... 

A. L. Purp.hyperglob. 

» » i 

Antidiphtheria 

serum I 

Antidiphtheria 
serum II .... 
G. L. Hodgkins disease 
A.P. High S.R 


6—8 h. 5 


2.6 2.8 

2.1 2.3 9.2 

3.1 3.7 

2.9 3.3 

2.4 2.7 

2.6 2.8 

3.3 4.0 12.8 

2.6 2.8 9.6 




2.5 2.7 

2.4 2.6 

1.9 2.0 

2.5 2.7 

3.1 6.4 

2.8 3.0 

2.3 2.4 

2.5 2.7 10.4 

2.3 2.4 9.61 

2.2 2.5 10.1 

2.6 2.9 10.35 

2.6 2.9 

2.6 2.7 

2.1 2.3 

2.2 2.2 

2.8 3.0 

2.1 2.2 

2.2 2.4; 

2.1 2.2 


9,0 — 
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'I'liei-e are also some sera, where both reactions are verj' quick 
even if tliis is quite uncommon. It was found in one person \\ith 
a ver)'- peculiar protein pattern in the scrum probably caused by 
an abnormal fibrinogen. 

It is naturally to early to judge the value of the reaction. As 
it is the possibilities to differentiate the globulins are not very 
numerous and it seems important to find simple reactions that 
might possibly correspond to definite globulin fractions. 
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Aas dcr LdngcnrttrtotoMAMa „ 


Uppsida, Sclnvwlcn. (Cliolaril; Doi,ci t 


Saurefeste Saprophyten, 
eine wichtige Felilerquetle bei der 
Tuberkulosediagnostik 

von 

ERIK HEDVALL. 

(Gei cicr Redaction am lf>. November li)! l ciiipof;anf!cti). 


In nenerer Zcil isi I'tibcrkelhaziUcnziichlnng von SpuUnn, 
VenlrikclspulfUissigkcit iind andcrcin Material an iinscren bak- 
teriologisclicn Laboratorien, Sanaloricn nnd Krankcnlnixiscrn 
iminer gevoiinliclicr gewordcji. Diese Enhvicklung muss als gluck- 
lich belraclitet werden, da die Methodc cinen schr hoben Wcrl 
besitzl. Die Zuchtung liejcrl jetzl inindeslcns cbcnsoofL positive 
RcsuUalc \vic jMcerscluveiuchcnprobcn und slclK sich ausserdem 
erheblicli billiger als diese. Das VerJahren lial jcdocti dcu wcscnl- 
lichen Nachleil, dass es das Vorhandensein von Tubcrkclbaklcricn 
nicht beweisi. Die answaclisenden Baktcricn konnen niiitilich siinre- 
fesie Saprophyten sein, welchc clyensowcnig wic die Tnbcrkclba7.il- 
len dnrch die Saurebehandlung zersldrl verden, die der Aiissaat 
auf dem Substrat vorhcrgclit. Nur dnrch ergiinzende Mccnschwcin- 
chenprobe kann man Anfschlnss hicrfjber crhallcn. 

Die Mehrzahl der Heilslallcniirzte, die sich nnt Ziichtnng 
beschaftigen, sind vohl der Ansichl, dass die sanrefesten Saprophv- 
ten keine Rollc bci der TuberkuIosediagnosUlt spielcn. Aber ist 
diese AuRassung richtig? Saurefeste Sapropliylcn komnicn doch 
sowohl ansserhalb als innerhalb dcs menschlichen Korpers vor, 
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weshalb die Mogliclikeit einer Vemeclislung nicht olme weiteres 
von der Hand gewiesen wcrden kann. Ich venveise bier aid Tab. 1, 
die Eichbaum’s ausgezeiclineler Zusammenstellung »Die tabeikel- 
bazillenahnlichen, saurefesten Sapropbyten» von 1933 entnommen 
ist. 

Die Riclitigkeit des Obigen geht auch aus anderen Untersuchiin- 
gen bervor, von denen ein Teil aus neuerer Zeit stammt. Hasted 
bat bei mikroskopiscber Untersucbung saurefesle Sapropb 34 en 
in folgenden Fallen nacbgevdesen; 

1) Horn eines 37jahrigcn Marines. 

Bei mikroskopischcr Untersucliung wurden einzelne siiure- und alkohol- 
feste lubcrkclbazillenarligc Slitbchcn reslgestelU. IMecrschweinchenprobe 
und Ziicblung auf Petrotfs Siibslrat fielen negativ aus. Die klinischc 
Diagnose war Nephrolithiasis. Keinc Zeichen vow Tubcvkivlose. Keine Albu- 
minuric odor Pyuric. 

2) Kalheterharn eines lOjahrigen Madchens. 

Im Laboratorium des Krankenliauses wurden in frischen Harnproben 
zwoimal saurefesle Stabclicn und im Kalhclerharn einzelne tuberkulose- 
verdkcblige Bazillen angelrotfon. ICein Wacbstum bei Ziichlung auf Agar. 
Im Slaallicben Scruminstitut in ICopenhagen wurden im Kalheterharn 
s'dure- und alkoholfcsto Stdbehen konstatiert, aber sowohl Meerschwein- 
chenprobe wie Kullur auf Pelroff’s Subslrat haUe negatives Brgebnis. Die 
hlinische Diagnose war Nephritis haemorrhagica. Keine Zeichen von Tuber- 
Inrlose. Cysloskopie ohno Befund. Nierenronlgen normal. 

3) Horn einer Frau. 

Im Tageslrarn ^vurden cine Anzalrl shure- und alkoholfeste, tubcrkel- 
bazillenartige Stabclicn angelroftcn, die icdoch cine etwas helle Farbe 
batten. Ziichlung auf Pelroft’s Subslrat ergab kein Wachstum. Ein Meer- 
schweineben, das mil dem Harn geimpft vmrde, staib vorzeitig infolge 
einer anderen Ursache. Im Kalheterharn wurden eine Anzahl sdure- und 
alkoholfoslo, lubei'kelbazillenarlige Siafachen nachgewiesen. Meerschwein- 
clienprobe und Kultur auf Pelroff’s Subslrat fielen negativ aus. Die Mi- 
nische Diagnose war Cystitis. Zeichen von Tuberkulose waren nicht zu bc- 
merken. Die Pyurie und die Albuminuric verscluvandon. 

4) Harn eines ISjalirigen Madchens. 

Im Nachverlauf nach einer Appendektomio eiitstand Hamalurie. Im 
Kathelerharn ^vurden saurefesle, ganz an Tuberkelbazillen erinnernde 
Stabchon feslgestelH. Der Harn wurde an das Staatliche Seruminstitut 
gesandt, wo man indes weder bei Mikroskopie, Ziichlung noch Meerschwein- 
chenprobe Tuberkelbazillen entdccken konnte. In einer spater eingeschick- 
ten Harnprobe fand man indes einige sauro- und alkoholfeste Stabchen, 


n.M. «-.c.,T,o. K.n.>:.0»BUX usw. 
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TabcUe 1. 


V 0 r Ic 0 m ni e n 

Auto r 

1 In clcr unbelcblcn NaUir xukI bn Pllnnzenvcich. 

Erdc 

Herr. Kcrslen, Sobnlcin, ^ ierling, 
Frey und Hagan, Rflllncr, G. Scif/er^ 

Leilungswi'sscr (AusJbisshuhnc; 

Gummi- unci Glnsansalzc an den 
Wasscrliahncn, zcnlrale Rohrlcilun- 
gen; Bninnen; HoclwasscinehaUev) 

Barraunikov, Breni. Bcitzkc, Me 
Farland, Burvillc-Holnies, Benrdsly, 
Case, Sebern nnd Bold, B. Lange 
Male, Heyinann nnd Seidel, Eiclibauin 

Dcslillierles Wasser 

Brcin, V. Lehmann, Bnrville-Holnu's, 
McFarland, Beavdsly, Case 

Gullyschlannn , Alnvasscr 

Silss-iind Salnvasscrhcli alter, Frosch- 
beliiiltcr, Aquaricn 

B. Lange, Abel 

Barrannikorv 

Poscbaryslci. M'eljer nnd Tante 

Griiser, Grassamen, Gctreidekdrner, 
Hen, ITcuslauli 

Moeller. Herr, Haj)jiicb. Dieudonne 
11 nil Lnbarseb 

Slrasscnstaub, Sagespiinc 

Happieli 

Slaub von Ticrslallcn 

Brein, Sebwabacber 

Wobnungsslaub, »Luflslaub» 

ICiebbatnn 

Moos 

Tori 

Riibcn 

Weber und ’raule 

Biittuer 

Bugge nnd Kiesig 

Kinderspiel-Sandbaufcn 

.Moeller 

Konserven 

'J'ownsend 

Troinpeicn (.ISleclu- und Holzblas- 
iiislnmiciUc) 

Jakobitz ui.d Kayser, Hesanann nnd 
.Seidel. B. Lange, Schmitz. Merten. 
Etclibavnn 

2. Bci Ticren uiul in Ucrisclicii l-’jodnktoii. 

Nonnalc Frdsebe 

Normalc Kaninclien (Vcnenblnt) 

Weljcr nnd Tiiute, B. Lange 
Scljwnhaelicr, Baciiielslcr 

M'. .Selfferl 

innere Organe nomialcr Meerscliwein- 
chen (bei RttbcnfOUcrung) 

Flicgen 

Smegma praepulii von Rinderii 

Hohn 

N'eufelit 
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V 0 r k 0 ni m c n 

A n 1 0 r 

PriipiUipldrftsoii cincr RaUo 

Galli-Valcrio 

Anol- und Schcidciigcfecnd von 
Kfthcn, Mccrschwcinehon, Hundcn, 
Rallen 

Cowic 

MnRoninlmU von KUlicu 

Biltlner 

Mist, Dung, Ticrkol 

Milch. RuUcr 

Scverin, Cajjaldi, FeiTan, OU, Moeller, 
Herr, Bcriani, Kroeger 

RabinoNvilsch, Pclri, Toblcr, Her- 
mann und Morgenrolb, Carucvali, 
Hess, Kaiser 

Huljn; Kloiikc, Eilcilcr, Ei 

KVnnmcr, Knorr 

INlannnopfropf cincr inilchcndcn Kuh 

N’euicid 

Mastitis lici cincr Kuli 

Aiiszcssciicr lici cincr Knh (»l'scndo- 
pcrlsiiclit*) 

Dc Jong 

Moeller 

Bciin Mcnschcn und in mcnschlichcin UiUcrsuchnnj'sinalcrial. 

a) Bcini Gcsnnden. 

Snicgnni (I’riiputixnn, Vrds'a, Atialfal- 
Icn) 

Alvarez ntid Tavel, Maltcrslock, 
Klemperer, I,cnharl 7 ., Abel, Laser, 
CzaplcVi’ski, Neufcld, Bitter, L. 
Fraonkel, Goltslcin, Bienslock, Weber 
nnd Tranncnrolli, Weber, Laabs, 
Dabms, Brcrcton nnd Sinilt, Young 
nnd Churchman 

Haul (AchselfoUe, Zwisclicnzelrcnfal- 
tcn, Xahclgmi)c, Ellcnhcugc, Knic- 
keldc) 

IJrin 

Sluhl 

Mallcrstock, Jiocller, Eichbauin 

Marpman, Laser, Laabs 

Mironcsen, Eerran und Str.asburgcr 

Nascnscldcini 

Karlinski, Laabs 

Moeller, Laabs, Rorida und Siinonl, 
Marzinowski, Beck, Mollj’, G. Ma^ 

iMnndhdldc (Ziinge, 'I'onsillc hczw. 
.Mandclpfrdpfe, Zalinbclag) 



SAUIU’.FESTE SM'ROPin-rETi, fine 


WICIITIGE FE31EEnQVIEEI.E BEI tJSW 
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Vorkommcn 

A u t 0 r 

BliU 

Poppev, Bodart und Sdiindlcr, 
Schwabadicr, H. Loewcnstcin (lorri) 

Ccniiiipn 

Mund, Augen, Nascnwinkclsckrel 
(Coiiicdonen) 

Gotlslein, Laabs, Biller 

Laabs 

1j. Bciiii 

Krankcn. 

Sputum l)ci Brondiilis 

Moeller, Ohlinael'.er, l^ieblensleiu 

Sputum bci dironischcr Luugcner- 
krrinkung uadi Kampfgasvcrgiftung 

Ncgrc, Vallis und Labcrnadie 

Lungeiigangrrin und Lungcnabszcss 

Pappenbeim, A. I’raenkcl, Ral)ino- 
svitsdi, Folli 

Bronciiicktasicn 

Ciitmann 

Chronischc Brondiopncumonlc 

Birl und Leisclnuann. 0))httls 

Biter bei Otitis media 

Do Simoni 

Abszcsscilcr (Spritzenebszess) 

Bmynoglie und Adanl 

Beckcnabszcsscitcr 

Mayer 

Ozoena 

Alexander 

RQdrenphlegmone bci Decubitus 
Appendicitis 
Jilcscnlcrialcystc 

Bender 

Ovarialcyslc mil iMstcloffnung in den 
Dann 

Dietrich 

PJeuraexsudat 

Moeller, Beaven und Bayne-Joncs 

Talgdrusenepithcliom 
Cardnomc und Sorkomc 

Mezinescu 

Acne conglobota 

Pick 

Blut bci Tubcrkuloscn 

Rabinowilsch, Saenz 

Blut bei Chorioretinitis 

Blut bei Lcichcn (oiine Tuberkulosc) 

Ticdemaim 

Popper, Bodart nnd Schindler 
Harvey Pirie 

Leichenorgano bei Miliarlubcrkulose 
(Milz, Krcbsmctaslasen) 
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die jecloch bei Zuchtung «nd Meersclnveinchenprobo negative Resiiltate 
gabeii. Kliniscli Avaren koine Zeicben von Tuberkuiose nacliweisbar. Pir- 
quot s Reaktionsprobc, die wiedcriioll, das letzle Mai unmittelbal' vor 
den erwillmlcn Harimnfcrsnclningcn, stattfand, fiel negaliv aus. Ronl- 

geupholograpliie von Thorax, Abdomen und Nieren zeiglc normale Ver- 
IiilJjnisso. 


5) Harn eincs 40jiihrjgen Mannes. 

Bci Haj-n\inlcrs«cliung AAnirdcn EAveimal saure- und alkohoUeste Stab- 
cben foslgeslclU, die vbllig mil Tubcrkelbazillen ubereinstimmlen. Kathe- 
terbarn und Urin aus den Urelcron cnlhiell dagegen keine Tuberkdbazil- 
len, Jleersclnvcincbcnprobe mil Ureferharn fiel negaliv aus. Bei Unter- 
sucliung im Staatliclion Soniminstilut irardcn Aveder bei kCkroskopie, 
Zuchtung nocli kleerscbu'cinclienprobe Tuberkelbazillen im Earn ange- 
troffen. Klinische Diagnose: Nephrolithiasis. Malformatio pelvis rents sin. 
Bci Cystoskopic zeiglc sicb die Schlcimhaul in der Pars prostatica etwas 
gcrbtcl und injizicrl, Avar aber sonsi ganz normal. Die Uretermimdungeii 
Avaren normal. Bei Pyelograpbie Avurde oin linkssciliges doppelles Eieren- 
becken konslalierl, in dessen oinem Toil sich zwei sicbere erbsengrosse 
Steinscbaltcn fanden. 

*■ 

G) Sjiinalflussigkeit oincs Sjahrigen Madebens. 

Bei iMikroskopic AAnirdcn zalilrcichc saure- und alkoboltestc Siabcken 
boobacblcl, die vollig das Aussehen von Tuberkelbazillen batten. Zuch- 
tung auf Pelroff’s Subslrat fiel negaliv aus. Das MeerscliAveinchen, Avelchcs 
gcimpfl Avurde, starb nacli 12 Tagcn an Pasteurellose. Bei der Sektion 
Avar keine Tuberkuiose naclnveisbar. Die Jdinischc Diagnose war Menin- 
gitis serosa. Alio klinischen Erscheinungen von Meningitis lagcn vor. 
Bei dor or.slen Lumbalpunklion aaw dcr Druck 250 mm, Zellen 1280/3, 
Globulin 3 und Albumin 20. Mikroskopiscb Avaren nacb einfachcr Farbung 
Oder nacb Zuchtung keine Baklorien nacliAveisbar. Pirquet neg. Opblhal' 
moskopie o.B. Pal. Avurde nacb ZAVcimonatiger Behaudlung aus dem Kran- 
kenbaus ontla.s.sGn und befand sicb ein balbes Jabr spater bei guter Ge- 
sundboil. 

7) Spinainiissigkcit eincs Knaben. 

Bei mikroskopischer Untersuebung AATirden zalilreicbe sSure- und 
alkobolfeste, sebr polymorpbe Stabeben angclroffen, Amn denen ein Tei! 
ganz an Tuberkelbazillen crinucrle. Zuchtung und MeerscbAveinchcnprobe 
fielen negaliv ans. Die Jdinische Diagnose war Encephalitis. Sequelae. Keincr- 
lei klinische Zcichen von Meningitis. Wurde nach langer Krankenhaus- 
bchandlung ungebcsserl enllassen. 

8) PleurafJussigkcit eines 64jahrigen Mannes. 

Bei mikroskopischer Untersuebung von Pleurafliissigkeit wurden 
einige saure- und alkobolfeste, luberkelbazillenartige Stabeben festge- 
stellt. Ziichtung und MeerschAveinchenprobe fielen negativ aus. Klinisc e 
Diagnose: Gangraena pttlmomtm. Pleuritisseptica. Pat. starb. Keine Sektion. 
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Diesc Fiillc r.cigen, dass Saprophylen, die ganz Tuberkelbazillen 
gldcLcn, tei kra.*l,«flen Zmlimto im menseWichen Ivorper 
vorkommen and die Diagnoslizierimg crsclnvereii koiinea^Has ed 
imlcrslrcichl besonders, dass es aicht ratsam ist, die Diagnose 
Jtibcrknlose lediglich aid Gnmd saurefester Bazilien im 
stellcn, die man bei mikroskopisclier Unlersuclnmg beobaclitet 

hat. ^ , , 

Hedvall hat 1933 iiber 2 Fiillc von saiirefeslen Saprophyten 

beriebtet, die bei Lungenkranklieilen nachgewesen vnirden. In 
bcidcii Fallen konnlen die Bakterien reingezuclitet werden nnd 
ivarcn apatliogen fiir Mecrsclnveincben. 

Per cine Fall war cin Mudehen mil kongenilalen Brochieklasien. Pat. 
war vorher wiederholt in oinem Sanatorium unter der Diagnose Lungen- 
tnl)erknlosc behandcU worden. Nach Anfnahmc in die Abteihmg fiir medi- 
zinisclie Tuberknlose des St.-Goran-Krankenhauses konnte man mit 
Bronchographie feststellen, dass die ganze rechte Lunge von versebieden- 
grossen Holilrtlumen dnrcligcsetzt war. Dio linke Lunge war dagegen gesund. 
In wiedcriiollen Sputumproben waren keine Tuberkelbazillen nachweisbar. 
Bei ZuclUung von Sputum nach Holm’s Methode erhielt icb indes Kolonien, 
die sowobl in ihrom makroskopischen Aussehen als in bezug aul Form nnd 
Ftlrbbarkeit vollig mit' gewdhnlichen sSurefesten Tuberkelbazillen iiber- 
cinslimnUcn. Eine Aufscliiammung der Bakterien uairde Sleetschwein- 
clicn eingespritzt, bei denen indes keine tuberknldsen A^'eranderungen auf- 
Iraten. Dass man es liier mit Saprophyten zu tun hatte, war damit ziem- 
lich sicher bewiesen, da die Bakterien in sehr grosser Menge eingespritzt 
M-orden u-aren, ghig aber auch aus dem spaieren Veriauf hervor. Um die 
.Kavenien zum Zusanimenfall zu bringen, wurde auf der rech'en Seite 
zucrsl cine Phrenicoex&rese vorgenommen, der nach einiger Zeit eine 
tolalc Plaslik folgen sollle. Pneumothoraxbebandlung war nSmlich wegen 
ausgobreiteter Vcnvachsungen ZArischen Lungen und Brustwand niclit 
mdglich. Pat. liberstand den Eingriff gut, wolUe aber vor der Plastik- 
operation erst fur einige Zeit nach Hause zuruckkebren. Dort starb sie indes 
plolzlich infolge einer sehr starken Lungenblulung. Bei der Sektion konnte 
man die ausgedebnten bronchiektatischen Veranderungen feststellen aber 
keme Lungentuberk-mose. Die durch Zuchtnng von Sputum erhaltenen 
saurefesten Bakterien, die in Form und Farbbarkeit vollig mit gewolm- 
ubereinstimmten, waren also nur sanrefeste Sapro- 

und uiederboll m emem Sanatorium unter der unrich tigen Diagnose Lun 
e niuberwosc behandell waa. Bei Itofrasltultag Son^n' 

^inon Varaacl, mil U"teoi,igo; 
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auf diescr Seite am grossten waren. Das Resviltat war gut Pat war 
dann melirere Jalire fieberfrei und hatte nur geringc Beschwerden von 
ihrer Krm)klici(. Vor der Aniegung des Pneumothorax hatte man niemals 
Tiibcrkelbazillen im Sputum nachweisen konnen. Als nach Binleitung der 
Behandlung die Hohlraumo zusammenzufallen begonnen batten und also 
ihren Inhalt besser als vorher entlecrten, traten indes im Sputum sfturefeste 
Stabchen von fiir Tuberkelbazillen vollig typischem Aussehen in so gros- 
ser Menge auf, dass man gleichsam einen roten Teppich unler dem Mikro- 
skop sab. Die Bakterien crwiesen sich bei nkherer Priifung als saurefeste 
Saprojiliyten oline ineersclnveincheninfizieronde Eigenschaften. Alle drei 
voi^enommencn Jlecrschweinchenproben zeigten ndmlich keine tuberku- 
loscn Voranderungcn. 

Aus den beidcn liier mitgeteilten Fallen gelit liervor, dass bei 
Broncliiektasien der Nacliweis siiurefester Stabchen im Sputum 
nicbt geniigt, nin die Diagnose Tnberkulose stellen zu konnen. 
jMeerscbweincbenproben sind in solchen Fallen immer notwendig, 
da man nur durcli sie enlscheiden kann, ob die saiirefesten Stabchen 
pathogen sind oder nicht, m. a. W., ob sie Tuberkelbazillen sind 
Oder nur saurefeste Saprophytcn. 

Lester liat 1938 — 1939 einen wertvollen Beitrag zu der Frage 
des Vorkoinmeus saurefester Sapropbyten geliefert. Im Staat- 
liclien Serumiiistitut in Kopenhagen wurden 1932 — 1936 insge- 
samt 26343 eingesandle Proben auf Tuberkelbazillen nntersucht. 
Hierbei konnten nicbt vveniger als 130 Stamme von satire- und alko- 
holfesteii Sapropbyten reingezuchtet werden (0.5 %), tvoraus 
deutlicli liervorgebt, vie vorsichtig man bei der Benvleilung des bei 
Zuchtung erzielten WaclisUnns sein muss (Tab. 2). Der Verfasser 
gibt in seiner Arbeit eine cingebcnde Bescbreibung der bakteriellen 
Eigenschaften dieser Stlimme. Die Bakterien viirden meist bei 
Zuchtung von '\'’entrikelspulflussigkeit erhalten. 

Gellerstedt bat kurzlich ivber 7 Falle einer eigentiimlichen 
Hautlcrankheit bericlitet, die in diesem Zusammenbang von Inte- 
resse ist. Die Kranklieit wird als eine Ulceration der Hant charak- 
terisiert, die im allgeineinen auf den Extremitaten lokalisiert ist, 
oft in der Nahe der grossen Gelenke. In der Regel kommt auch 
regioniirc Lymphombildung vor. Der Yerlaiif ist gutartig, olme 
Rezidiv. Das bistologische Bild erscheint tuberkuloid und zeigt 
in typisclier Weise grosse, unscharfe, kasige und kasig-eitrige 
Nekrosen sowie reine Eiterherde. Voluminose Bazillenmasseii 
kommen in alien Fallen vor. Die Bazillen unterscheiden sich in vieler 
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TabeUe 2. 



Jahr 

Das Material, von dem die Saprophyte., 
rp.ingezQchtct ivurden 

Gesaml- 
zahl der 
Zuch- 
lungs - 
proben 

A.^entrijvel- 

spulflils- 

sigkcit 

Ex- 

pektorat 

Pleura- 

fliissigkeit 

Harn 

Aiideres 

Material 

Insge- 

samt 

1932—33 

1934.. .. 

1935 

1936.. .. 

6 

19 

23 

27 

3 

3 

3 

4 

1 

2 

3 

1 

1 

4 

4 

15 

1 

4 

5 

1 

12 

32 

38 

48 

8018 

4807 

5939 
, 7579 

Insgesamt 

75 

13 

7 

24 

11 

130 

2G343 

Prozcnt . . 

57.7 

to. 

5.4 

18.4 

8.5 




Beziehung von Tuberkelbazillen, vor alleni durch ihre geringere 
Grbsse, ihren Pleomorpliismus, die Tendenz zu biindelformiger 
Gruppierung und durcli Bildung von intrazellularen Bazillen- 
kugeln (Globi). Die Art der Bakterien ist vorlaufig unbeslimmbar, 
da Kultur- und Impfungsversuche bis jetzt negativ auslielen. Gel- 
lersledt Aveist auf die Gleichheit der Krankheit niit den sog. »skin 
lesions m tuberculinreacting cattles bin, ferner diskutiert er cine 
Infektion mit zufallig pathogeuen saurefeslen Sapropbyten der 
Aussemvelt. 


Aus dem Obigen geht hervor, dass saurefeste Sapropliyten bei- 
nahe iiberall, sowolil ausserhalb als innerlialb des menscliliclien 
Korpers, vorkommen und dass sie eine Avichtige Fehlerqiielle bei 
der Tuberkulosediagnostik sein konnen. Dies ergibt sich auch aus 
meinen eigenen Untersuchungen, fiber die icb im folgenden be- 
ricbten AA'ill. 

In der Zeit vom Mai 1943 bis zum August 1944 AA'urden im 
Zentralsanatorium in Uppsala insgesamt 1654 Zficlitungeii mit 
iMaterial A^on Tuberkulosepatienten A^orgenommen. Von diesen er- 
gaben 420 Kulturen humanes und 3 bovines Waclistum. Bei 10 
Kulturen AAairde Waclistum saurefester Sapropliyten erlialten, 
bei 6 Waclistum von niclit saurefesten Kokken und Stabclien soAAue 
von saurefesten Kokken und einzelnen kurzen saurefesten Stabclien, 
die zAvar scliAvaclien ^^erdaclit auf Tuberkelbazillen Aveckten, aber 
Ada med. scandinav. Vol. CXXL 
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meersclnveinchctapaUiogen wareii. Die letztgenaniiten sind nicht 
in Tab. 3 avi/gcnommen, obgldch aiich sie siiurefeste Sapropliyten 
scin ciiirftcn, da die saurefesten Slabcben so sparsam vorkamen. 
Die iijjrigen 1215 Kulturen ergaben keinerlei Wachstiim. 

Da die Bereiliing des Substrats und die Ausfuhruag der Ziich- 
liing von Bedeutung ftir die Entstehung von VerunTeinigvmgen in 
borm Sthircfcsler Saprophylcn sein kann, \vi51 icli bier kurz die 
angcAvandte Mclliodik ijcsclireiben, die iibrigens die gebraiicblichsle 
sein durfle. 


Substratbcrcitung (Lowcnsloinsubslral); Fur das Substrat ist cine Salz- 
niischung, cine Eimisclning und cine Farblosung erforderlicli. Die Salz- 
mischung (1.2 g Monokalimnphosphal, 0.12 g MagnesiumsuUat, 0.3 g Mag- 
iie.siunizitral, l.S g .-Vsparagin und 15 g Glyzerin in 300 g destilliertem 
Wnsscr) ivird eino }!a!l>e Slunde gekochl. Nad? Abkiihhing der Mischung 
wcrden 1.5 g Kai-loffclmelil zugcselzl. Hicrauf wird sic in ein anfangs kaltes 
Wasserbad gehracht. Die.sp.s -wird nnler slOndigem Schiilteln auf 100° er- 
wilrml, ivorauf ca. 15 Min. langcs Kochcn erfolgl. Um sicbere SterilUai zn 
gcwahrleislcii, koclit man die Salzmischung auch wahrend der beiden fol- 
gendcn Tagc jodcsinal 15 Min. Eimischung: 12 gut gereinigte Eier werden 
cine }iall)e Slunde in 90 %igem Alkohol aufbcwabrl und dann mil storiien 
Handscliuben bcrausgenommcn. Um zu kontrolliercn, dass die Eier frisch 
sind, schiillel man den Inhall jedes Eics crsl in ein klcineres, steriles 
Gcfass und dann allc Eier in cin grosscrcs. Die Eier werden mil einem 
slerilen Glasslal) untor solchen VeriiaUnissen geriihrt, dass keine Ver- 
tinreinigung durch Luilbaklcrien slalUindcn kann. Die Farblosung (2 %ige 
Malacbilgriinlosung) wird in der Weise boreitel, dass man den Farbstoff 
erst auf sterilem Papier abwicgl uud dann in slerilem, destillierlem Wasser 
lost,. Hicrauf wird die Mischung 2 Tage jc eine haibe Stunde in stromeii- 
dem Dampf erhilzl. 

Zu 300 g Salzlosung werden 500 g Eilosuug gesetzt imd dann lang- 
sam unler stUndigem Umschulleln 10 cm® 2 %ige Slalachitgriinlosung. Als- 
dann wird die Miscliung dnreh cih Gazegewebe in einem Tricbter (dio 
Tricblerniiindung isl mil Gummiscblaucb, Glasmundsttick und Klemnie 
verseben) direkl in Reagenzrohrcheu fillriert, die mit IValte verschlossen 
werden. Alles hierzu erforderliche Material isl naturlicb im voraus stcri- 
lisierl. Die Robreben werden in balbliegender Stellung in einen Trocken- 
slerilisator gesetzt und oino Slunde bei 90° orhitzt. MAnn die Rohrckei 
abgekubll sind, werden die Pfropfen paraflinierl, worauf man die Sterili 
lot des Substrat.s dadurcb priift, dass man die Robreben 2 Tage bei 37 
in einem Thermostalcn aufbewahrl. 

Zuchtungsmethode: Sputum und 9.2 %ige Schwefelsbure im Veriifiltni 
1: <1, aufbewahrt in Schuttelrobrcben (220 x 20 mm) mit eingesebliffenen 
Slopsel, werden 5 — 10 Min., oder bis man voile Emulsion erhalten Iia( 
Jirbftig in ciner Scbiillelmaschine gcscluillelt. Nachdem die Sduro 15 3bn 
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1 O Trnnfcn 1 ijjcr NaOH vermindcrl, worauf clio Anssaal dcs 
Sdiracn^ in 3 SnlsIraWtochen cfolsl. Bei 

flu< 5 >;iakeil oder Harii vertahrl man m dcrsdben \^cisc, docli muss die 

F]fefgkei(sn.«»eo vori.or kon.cnlTOrl W™ Die ' HnS 

keit wird 15 Min. mil 0.2 %igcr Sclnvefolsivurc l.ohandoll, AdUi rend Ha n 
cine SRurebehandlung von 30 }ilin. crfordcrl. Pleuracxsudal wind erst kr.lf- 
tig zentrifugierl, ^Yorauf man das Sediment abcnnals in ca. 1 cm mmem 
Exsudal anfscblammt. Die Sunrcbelumdiimg muss ca, 20 lilin. daiiern. 


Sanrefestc Saprophyten wirden also hei Ziichiiing in 10 von 
1654 Proben nachgcwicsen, cntsprecbciul nngcrabr 0.6 %, was cine 


bemerkenswert bolie Ziffer isl. Die 10 Ziichlnngcn fanden bei ebon- 
so vieleu Palienlen stall, nainlicb in 1 Fall von Tbc. lyinpbogland. 
lull et inediaslini (Tbc. jiriinaria), 1 Fall von Plenritis cxsndal. -f 
Tbc. piibn. levis nnd in 8 Fallen von Tbc. pnlni. Da cs von Inlercssc 
.sein diirflc zu erfahren, wclche Folgcn cine I'elilbcurlcilnng dcr 
simrefesten Saprophyten haltc oder gchabt iialicn konntc, will 
ich im folgendcn iiber die 10 Falle beriebten, die in Tab. 3 znsain- 
nieiigeslellt sind. 


Fall 1. IGjilbrigos Mildclicii, 

Koine Tuberknlosc in dcr Familie. Anfang April 1013 erkrankle Pal. 
mit den gewohnlichcn Er.'jclieinungen von linksseiligor Plcurilis. Pat. 
mirde am 16.-1. in die Iticdizinischc Univcrsilillsklinik aufgcnommen, von 
wo sie am 14.5. in das Zcntralsanalorium in Uppsala vcrlegl -wurdo. Thora- 
cocentese bei 4 Gelegenliciten, wobei insgesamt 1970 enP Exsudal her- 
aiisgeschafft und mit Lull crsolzt wnden. Die Gasbebandlung wird noch 
fortgesctzl. Die linke Lunge isl rontgcnologiscli frei von Verilndcrungen, 
die recMc weist in der rccblen Scl cine unbedentohde Fleckigkcil voii 
luberkuloser Natur auf. Tuberkulinroakfion po.siliv. Mikroskopi.sche 
Un ersuchiing von siiintlichcn 26 Spulumproboii fid negaliv mis, obenso 
Kultur auf \ciUnkelspulflussigkeil und Spuluin. Zuchlung von fri.scli ab- 
gezapflcr PJeuraflussigkcil ergab iiidcs Wacbslum saurefc.sler Sttlbchcn 
von olwas wechselndcr Lilngc. Zvvei Mccrschwcinclieii, die mil Material 
von der Kultur geimpft wurdon, fiden negaliv mis vvoshdh 'iKo die 
siturefeslen Baktericn Sapropbylen waren. ’ 

Diagnose: Plcrit. exsudal:, si„. + Tbc, pul,,,, dxl. Icvis. Der 
Bcfuiid saurcfcslc.- Sapropliylcti l,al in diesem Fall mir bcschraiil-- 
es Interesse, da cine Fehlbeurleilung dcr Dnzillou die it i /i 
iiicM bccinflasst bailc. 
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Fall 2. 33jalirige Frau. 

Behandlung im Sanatorium Soderby vom April 1035 bis zuin Oktober 
1936 unter der Diagnose Tbc. pulm. + Slat. post. pnth. art. sin. et thora- 
coplast. Plastikoperation im Januar und Marz 1936. Sputum bci der Au't- 
nabme tbb +, bei der Erillassung Ibb— . Kontrollierl in der Zenfral- 
lungenfursorgestelle in Uppsala seit Januar 1911. Sitmtlicbe Rontgenliil- 
der zeigten dasselbc Bild: gut ausgefiUirte Plastikoperation auf derlinken 
Seile. In den sicbtbaren Teilen der linken und in der ganzen reclilen Lnnge 
keine Zeicben xon aktiver Lungentuberkulose. Die Tuberkulinreaklion 
war pdsitiv. KuUur von Sputum im September 1941 negativ. Bei emeu- 
ter Zuchtung von Venlrikelspiilflussigkeit im Juni 1943 erbielt man Wachs- 
tum saurefester tuberkelbazillenartiger Stabchen. Zwei Meersclnvcincheii- 
proben ^vurden mit Kulturmaterial vorgenominen. Beide fielen negativ aus. 
Also waren die Bazillen saurefeste Sapropbyten. 

Diagnose; Tbc. pulm. sin. (sanata). Stat. post thoracoplast. In 
diesem Fall hiilte eine Felildeutung der Bazillen neue Sanatorium- 
behandlung und unnotige Massnabmen zwecks Yerliindenmg 
von Ansteckung der Umgebung zur Folge baben konnen. Nach- 
dem man festgestellt batte, dass die Bakterien nur saurefeste Sapro- 
phyten waren, erbielt Pat. ein Zeugnis fiir Aufiiabme in die Kran- 
kenkasse, das sie sonst in vielen Jahren nicht bekomnien liiilte. 

Fall 3. 48jahrige Frau. 

Wegen Lungentuberkulose des Solines iviirde Pat. im Mai 1943 in der 
Zentrallungenfiii’sorgestelle in Uppsala untersuclit. Dabei konstatierte 
man rontgenologiscb einen rundlichen, gnt abgegrenzten und fast kalk- 
dichten Fleck hinter dem recblen Cj. In der Umgebung desselben fanden 
sich kleine kalkdichte Flecken. Ausserdem sail man einen linksseitigen 
Pleuritisrest. Tuberkulinreaklion positiv. Bei Sputumziiclitung erbielt 
man Wacbstum von dicken, kurzen, sdurefesten StSibcben. Zwei Meer- 
schweinchen, die mit Material von der Kultur geimpft wurden, reagierien 
indes negativ, ivcsbalb also saurefeste Sapropbyten vorlagen. Der Lungen- 
zustand war bei wiederholten Rontgenphotograpbien unverandert. Zeicben 
von aktiver Tuberlailose liegen nicht vor. Erneute Sputumziiclitung bd 
negativ aus. 

Diagnose: Tbc. pulm. dxt, inveterat. (sanata ?) + Seg. pleurit. 
sin. Feblbeurteilung der saurefesten Stabchen batte bier unnotigen 
Sanatoriumaufentbalt und Massnabmen zur Verhinderung von 
Ansteckung zur Folge baben konnen. 

Fall 4. 32jabriger Mann. 

Bei Schirmbildunlersucliung im Mai 1943 konstatierte man in der 
reebten Spitze (Scl— II) ausserst zahlreicbe Strange nnd Flecken, vn 
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U.ilci'siicIniiienttlM denlMm^ j,„irs in 

reaktion posiln. Zuuining c-iiin*fcs(cn Sliibclu'ii 

fiiienl Relirdicn ^a'dil'du'S ^ .vc is u»n ' ^ ^ I Stillieiinn iiiui 

.,„a Knkto. snivic .iw- 

Kokkt'n. luemom amlcrn Ronuucii i.uuKu -Rii V ^ 

fesle Sfiibchon, leil? cinzdnc niclij 

l^ohrclien wiirdo aiif 7.\vc‘i l^Ipoj-schwoinchou ^oumpf(. S.lmUi . . 

sd.m.i»d.™FO>K'.. ndsn nogaliv ans. Bio Liingnnvo,*.. n 

koiiti'oHiort und woiscn nark ^vic vor koiup ZnclR'.i von Aklnilal .uif. 


Diagnose: The. pulni. dxL. i!ivcU'r.al. (.sanata'?). I‘-clilbeurleilung 
dcr saurefesien SUibclien hallo unndUge Sanaloriumhchanci- 
hnig and iMassnahn-.en ziir Vcrhiitnng von Ansleoknng zur l;olgc 
liaben kdnnon. 


Fah 5. Ijilliriger Iviiabo. 

Tiiborknloso in dor Fuuiilio. Im /iusatuiuoidiang mil dor Ih-knmkiing 
(iinos Vorwundlon an Tiiiiorknloso konslaliorli* man la-i timn I'aiionlon 
oino linksseilige llilns- and ModiastinaldriisonUdJorkaloso. Wnnlo <los- 
hall) vom Jani 10(3 bis zum Janaar IftM im Zonlralsaiiatorinm in Upp- 
sala bcliandcU. Taborkulinroakliou posiliv. Hoi Ziichtang von Vonlrikol- 
splilflussigkeii erliielt man Wacbslam stark luborkolbazilloniadigoi' Slid)- 
chen, aber Vorimptmig dos Waclisluins anf v.woi Mi'orsrbwoinobon liallo 
nogalives Krgebnis. 


Diagnose: The. iymphogland, liili sin. ol mediaslini. (The. pri- 
maria). Das Vorliandcnseiu siuircfcstcr Saprophylen isl in dicsoni 
Pali nur von hcscliranklein Inlercssc. Pal. lialle zweifc’llos cine in 
Gang bcfiudlichc Tubcrkulosc -and wunlc Avegen die.srr Krankbeil 
])ehandclt. Die Bebandinng wiirc dicsellH* geweson, wenn man die 
Bazilleii fchlbenrlcill huUe. 


Fall G. 3-ljidingo l-Van. 

Taberkulose in dcr Familic. Im .lain lOKl wurdo iwbl.'=soi|igo Ltingon- 
fubej'kulo.sc konsUUiorl. Aafnahmo in das ZoiUralsanaloriaiu in UimsnUv 
am 3 7 Zonlrnl in dor rochlon Lm.go fand .sich oino n-olkigo, nngofal.r 
banc ioilorgrosso VorciiclUang. Dio TaborknJinroaklion war posifiw Das 
Spa inn onllnob Tubcrkolbazilloa. in mussigor Mongo. Am 8.7. wiirdo 

Ti S'aotel,,,,, l„„„a- 

iuberkelba/dlon. Bei Zucblung von Vonlrikolspulfliissiirkoil -nn 7 i- 

cHnoH mnj) Wacbslam laager, stUireCc.slor Hazillon, die sfark an Tulmr" 
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Chen verimpft wurde. Die Mecrsclnveinclicnproben tielen ncRaliv a,,, 
>:ene Zuclitung von VentrikeJspulfliissiekeit irn Juni 1944 bnUo netni'ivoc 
Ergebnis. 


Diagnose: Tbc. pulm. dxt. c. pnth. ariif. dxt. Die von Venlri- 
kelspiilfliissigkeit reingeziichleten saiirefesten Sapropliyten warcn 
in diesetn Fall nur von bescliranktem Interesse. Fine Felildcutimo 
derselben halte die Behandlung nicht bceinfliisst. 

Fall 7. 48jalirigei' Mann. 

Weil bei einer Tochter Tuberkulosc konsUUiert worden war, wurde 
Pat. im Marz 1944 nntersucht, wobei man eine doppelseitige Spitzenhiber- 
knlose alteren Datums entdeckte. Diese diirlte nicht ausgeheilt se'in, war 
aber wahrend derBeobachtungszeit stationar. Die Tuberkulinreaklion war 
positiv. Bei Zuchtung von Ventrikelspulflussigkeit erhielt man Waclisium 
saurefester Stabchen, die stark an Tuborkelbazillen erinnerten. Zwei mil 
Kulturmaterial geimpfte Meerschweinchen hekanieii indes keiiio Tuber- 
kulose, weshalb also die Stabchen saurefesle Sapropliyten waren. 

Diagnose: Tbc. pulm. ainb. inveterat. Wenn die saiirefesten 
Stabchen als Tuberkelbazillen gedeutet worden waren, hatte Pat. 
sicher unnotig Sanatoriumbehandlung erhalten. 

Fall 8. Ojahriger Knabe. 

Wegen Tuberkulose des Vaters stand Pat. unter Kontrolle der Zcntral- 
lungenfursorgestelle in Uppsala. Im Januar 1944 wurde ein kleines Infiliral 
im Herz-Leber-Winkel konstatiert, welches nur langsam zuriickging. 
Noch auf einem Film vom 28. 8. 44 ist ein kleinerer Teil dieses Infiltrals zu 
sehen, welches tuberkulosen Ursprung haben durfte. Die Tuberkiilinreak- 
tion war positiv. Bei Zuchtung von Ventrikelspulflussigkeit erhielt man 
Wachstum saurefester, stark tuberkelbazillenartiger Stabchen. Zwei Wecr- 
schweinchenproben mil Kulturmaterial fielen indes negativ aus. 

Diagnose: Tbc. pulm. dxt.? Der Nachweis saurefester Saprophy- 
ten hat nur beschranktes Interesse. Eine Fehlbeurteilung der, 
Bazillen hatte die Behandlung nicht geandert. Pat. ware aiicli 
dann nur unter Kontrolle gestellt worden. 

Fall 9. 22jahriger Mann. 

Keine Tuberkulose in der Familie. Behandlung August September 
1941 im Garnisonskrankenhaus in Stockholm ivegen rechtsseitiger Lun 
gentuberkulose. Vom 20. 6. bis zum 27. 7. zivecks Beobachtung im 
tralsanatorium in Uppsala, nvo man cine lichte Kleinficckigkeit im rec i en 
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^.1 T feslstclltc Irn iilmgcn warcn die Uuigen ga«/. nornial. SpuUun vuid 

Sd lur. on VenlriWBpaUluss'^^^^^ „og„,iv, T„l,«,k,.Imrcald,»., pos,- 

ufS sBUdom anlB,- Konlrollo to -P'"''-”'*;;*' " 

Uppsala. Rdntgenbilder vom 12. 1. -13 imd 10. 7. -M 

anderten Status. Bei Zuchlung von VcnlrlkolRpulfluss.gko.t 

19.14 crhielt man Wachslum orangegclber, scbmicnger Kolonn n, ^Mlth. 

saurefeste, tiiberkelba7.incnarlige Siabcbcn enfluellen. Impfung ^oIl 

KuUurmaU'rial boi 2 MccrscluveiucUciiproben halte imgalivc.s I'.rgeimis. 


Diagnose: Tbc. pulm. dxt. invelcral (sanal.?). kiine I'elikleu- 
lung der saurefesten Saprophylcn luUlc Sanalorunnbciuiiulluiig 
und minolige lilassnahnicn zwceks Vcrbuliing von Anstcclcinig der 
Uingebung zur Folge liabcn kdnncn. 

Fall 10. 38jiilu'igei' 'Mann. 

Tubcrkulosc in dor Famiiie. Im Jamiar 103fi\mrdf oiim ziomlioh \)nlH'- 
deulcnde doppelseilige Spitzonluborkuloso konstalierl, die boi alien Runt- 
genkonlrollon ein unvoriliulorlos Au.s.sebon' zeiglo. Dio Wriindmnigon 
waron iUlcron Datums, mogliclicrweise au.sgolioill. Spuhimproben und 
Zilchtung von Sputum gaben negatives Uesultat. Im April 1011 konnlen in- 
dcs ziomlicb reicbliclie »Tuberkelba7,illem‘ boi mikroskopisclier linlor- 
suchung von Sputum naciigewicsen worden. Pal. u'urdo ile.slmli> in das 
Zenlralsanalorium in Uppsala a\irgenommen und dort vom 30, r>. bis 
zuin 22. 7. 19-14 beliandclt. Die Tuborkuliiireaktion war j)ositiv. Dio fi'inf 
ersten Sputumproiion onlhiclten regelmttssig »TuberkeUta7.ilU'n». Auch bei 
Zitclilung von Sputum erliielt man Wachslum sllurofe.slor, tuborkelbazil- 
Jonartiger Stilbclien. Jlatorial der Kultur \Yurde auf drei Meorsohwoin* 
clien verimpfl, von denen zwoi bei der St'klion keinerlei patindogische 
Verandenmgen zeiglcn, wtUirond das dritte kleiiio VoriUidonmgen (i'n-Hioh 
vergrosserte Lymplidriisoiij aufwies, welclie jedocli niolil grosser wareii 
als solclie, die tiach Einsprilzung stlurefesler Sapropliylon entstehen kdn- 
uen. Dieinneroii Organe, aucli die Milz, waron normal ‘Das Sputum wurdo 
spatcr wieder normal. SUurefesle Stllbchen waron boi Mikro.skopie iiicbt 
mehr nacinveisbar. 


Diagnose: Tbc. pulm. amb. invcleral. (sanala?). In die.sem 1-nll 
kamcn die saurefesten Saprophylcn mil Siclicrlicil bei dom Fnli- 
cnlen vor und waren also nicht dciu KuUurmalerial bei do.ssen 
BeJiandJung zugeftthrt worden. lunc 1^'clildeulung lag bier nn.s- 
scrordcnllid, Mlic. HiiUc imra nichl die -MMr.srlnvciiiclien|.all,„- 

T ff'"’ “ nod, 



88 


ERIK HEDVALE. 


Wie aus clem Gesagleu hervorgeht, siiicl simrefeste Saprophyten 
relativ gewohnlicli bei Zuclitung von Material von kranken Men- 
sclien (bei .meiner Untersuchung 0.6 %, in Lester’s grosser Zusam- 
menstellung 0.5 %. Dies muss allgemein bekannt werden, da man 
sons! folgensclnvcre Irrtiimer begehen kann. Icli erinnere an die 
zvei friiher von mir beobachteten und zii Anfang dieser Arbeit 
liescbriebenen Fiille von Bronchiektasien. Beide waren vdederholt 
lange unter der unrichtigen Diagnose Lungentuberkulose hn Sana- 
torium. liebandelt vorden. Wie gross die Gefalir ist, dass man da- 
liei cine vorlier nicht vorbandene Krankbeit bekommt, liegt auf 
der Hand, und die Gefabr war bier um so grosser, als die Wider- 
slandskraft der Patienten durcb Intoxikation von seiten der Bron- 
cbicktasien lierabgesetzt -war. Infolge meiner Kenntnis von der 
Existenz der saurefesten Sapropbyten war ich wabrend mebr als 
eincs Jahrzebnts auf der’Wacht vor Irrtumern. Ich pfiege natnlick 
Iiei einem Patienten mit bronchiektatischen Veriinderungen saure- 
fesle Stabchen nicbt als Tuberkelbazillen anzuerkennen, bevor 
sic sicb als meerscbweinchenpathogen enviesen haben. Ebenso- 
venig babe icb micb, wenn das mikroskopiscbe Aussehen von sanre- 
feslen Bazillen oder Kulturen von solcben eine Abweichung vom ■ 
Nornralen zeigle, endgiiltig fiir die Diagnose Lungentuberlculose 
entscliieden, bevor die Bazillen positive Meersclnveinchenproben 
ergeben batten. Auf diese Weise konnten Irrtumer vermieden wer- 
den. In vier der Falle (Fall L 5;. 6 und 8) spielte das Vorhandensein 
saurefestcr Sapropbyten keine Rolle. Samtlicbe batten aktive 
Tnberkulose. Die drei ersten Falle wurden aufgenommen und 
erbielten die crforderlicbe Pfiege, der Auerte (Fall 8) wurde unter 
Beobachtung gestellt. Eine Febldeutung der saurefesten Sa- 
propliyten baite die Bebandlung nicht geandert. Anders verbielt 
es sicb in Fall 10, der Lungentuberkulose hatte und 2 Monate 
Sanatoriumbebandlung erbielt, obgleicb solchc nicht notwendig 
war. Waren die Kulturen nicht auf ihre Pathogenitiit gepriift wor- 
den, so hatte man die Sanatoriumpflege sicher stark verlangert. j 
Dieser Fall war besonders trugeriscb, da tuberkelbazillenartige j 
Stabchen nicbt bloss bei Zuchtung erhalten, sondem auchinmek- | 
reren Sputumproben bei direkter nrikroskopiscber Untersuchung 
konstatiert vuirden. Hier war es der Gegensatz zvischen einem plbtz 
licb auftretenden, reichlichen Vorkommen von i)Tuberkelbazillen* 
und dem Feblen rontgenologiscber Zeichen von Aktimtiit der 
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L™genvera..dcrm.ge., (slalionSr sell fl Jahrcn), dor den VovdacW 

aid sSuieteste Sapropliylen IciiMe. Die FWIe 2—1, r mid liat ei 
samUid. Tnlierknlose alleven DaUima In inanclici. d,«cr 1-allc 
MOT die KranUioit mdgUcIicnveisc ausgclicill. Die Piufmlg d 
Mcerscliiveinclienpalliogcniiat dcr silnreleslcn Slalidion, icvoi 
man Massnahmen ergriff, liat dicsen Palicnlcn Saiialoriiimbcliaiid- 

lung erspart. i 

Das makro- mid inikroslcopischc Aussclicn dcr KiilUu- cvgibt s\cU 

des nalieren aus Tab. 3. 

Alls lab. 3 isl crsiclillicli, dass nur in Fall 10 die Kultur von 


saurefesten Sapropliyten inakroskopiscli lunnancr Tiiberlculoso 
glich. In alien iibrigen Fallen Mich das Ansseben ivc.scnilich von 
diescr ab, Avas nalnviich innner den \erdacbi' anf Sapiopbyleu 
riclvlen muss. Stall gclbpigiucnlicrlcr, Irockcner, midurchsiclitiger 
Kolonien fand sick im allgemeincn cin sebmieriges Wadi.sliini 
Oder cine 2ahc Haul von Avecb.selnder Farlie; gclb, gclbbraim, gclbrol 
Oder zicgelrot. Audi niikro.skopisch variicrtc das Ansschen zicni- 
licli stark. In 9 der 10 Fiillc kainen mir saurcfoslc vStiibchcn vor, 
die an Tnbcrkclbazillcn crinncrlcn. In Fall 4 dagegen ivurden 
aneb siuircfcslc Kokken sowic nichl saurefcslc Kokken nnd Sliib- 
cben konstalicrt. Die Variation dcr in dcr KuUnr enlballcnen Vinis- 
forincn sowie aneb rclaliv rasclics Wacbslmn anf dein Suhslral 
mussen naliirlidi immer an siiurcfesle Sapropliyten denken Insscn, 
aber man darf sidi nidit Avmidern, Avenn die iSIccrsdnvcindien- 
probe gleichwobl in solclicn Fallen gelcgcntlicb posit jv ansfi'dll, ]di 
Avill oies mil Bcispielen belogen. Zuchtnng von Sputmu eines 
eSjalirigen Patienlen mit zweifclloscn, aber zicmlidi unbcdcuteu- 
den Veranderimgen tnbcrkulb.scr Nalnr gab sclion nadi 19 I'ngen 
Waclistnni von saurefesten SUibebeu nnd Kokken sowic A’on nidit 


saiuefeslen Slaliclicn nnd j^okken. Das luikroskopiscbc Ansselien 
und das verballnisniassig rasdie 'Wadislmu spracben also fiir sawre- 
fesie Sapropliyten. NicbtsdcsloAvcniger zciglen lioidc Meeiisdiweiu- 
dien, die mil iValcrial von der Kultur gcinipfl wurden, lyjiisdio 
iiberknlose Vcrlindenmgen. Zudilung von Vciitrikclsjiulflus.sig- 
ke>t cincs Sjiibrigen itliidcbens mil PrimiiiTubcrkuiosc (The. Inl. 
bronchial, et The. pnlm. sin.), das nocb im Zcnlralsannlorium Z- 
pfleg wird, ergab folgcndes: Fin Rohreben cnlliiclt gclbe Knoldieii 

testen Slabdien, em andore.s gelbrote Knoteben. besleliond nns 
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Nr. Name Alter 



Diagnose 


Plcuril. cxs. + Tbc. 
pulin. dxl. Icvis 


Sputum „ ^ 
nilkro- Spulum- 
skopisch I'Ultur 


Tbc. pulin. sin. (sanal.). 
Stat. post llioracoplast . 


Tbc. pulm. dxt. in- 
vetcrat. (sanala'J) + 
Sequel, pleurit. sin. 


Tbc. pulm. dxl. in- 
vclcrat. (sanal a’.’) 


Tbc. lymphogiand. liili 
sin. cl mediasl. (Tbc. 
prim.) 


Tbc. pulm. dxl. 


'Tbc. pulm. amb. in- 
veteral. 


Tbc. pulm. dxl? 


Tbc. pulm. dxt. invet. 
(sanala?) 


Tbc. pulm. amb. invet 
(sanata?) 
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Untcrsuclitc 
ositive Kultur 
von 


Das Ausschcn der posit ivcn Kultur 


Makroskopiscli 


Mikroskojiiscli 


’teiirariussig- 

:eit 


Viilrikelspril- 
'Qssigkeil 


Feuchto, erst unpigiiicntierlc. 
spiitcr scluvaclv golhe Kolo-| 
nicn 


Halllifig: Niir siiurofcsle 

Stiihclicn von clwns avccIi- 
sclnder Liingo 


Gelbrolo, ghUte. ctwas feuchtc 
Kofonicn 


putiini 


Schniicriges, sclnnulzgclbcs 
Wachsiinn 


ITallherg-Zirhl: Stark tbl)- 
arligc, siiurcfrsle Slabchrn 

I Ia11l>t'rg= Zielil: Dickc, kurze 
siuirofcslo Sl:il)clu‘n 


rntrikeispilF RiiJirchi-n 1: N'adclspitzciigros- 

issigkoit sc, ctwas fcuclUc Kolonicn in 

rcicJiIicJicr Mongo. 


Dohrclicn 2: Zilroncngolhcr, 
fcuclitcr Tcppicli 


ilrikelsj)(il- 1 GoUjrote, cliva.s foiiclitc KoJo-j 
mssigkcil I „iL.„ i,i i^ohrchcn. Zwel, 
Rohrdien oline WaciLstuin 


‘^ontrikcIspiiF Gclbrolc Knoldien 
iiissigkcit ' 


Rolirclicn 3; HalJJirrg.-^ZicJil; 
Reidilidi nidit siiurcfcslc 
Stabdieiuind Kokkcn, zicm- 
lich rcichlich siiurofcstc 
Stiibdicn und Kokkcn. 

Rolirdicn 2: ] rallbcrg^Zidil; 
Toils zicinUch dicko. siUire- 
fcslo Stiilidion, toils oinzolne 
nidil saurorosic Stfdidicn. 


nuIlbcrg=Zlold: Stark Ibb- 

nrlige Miurc/osic Sliilidicn 




G<?l})rote, .sdunicrJgc Kolonic 


'"enlrikdspfd- 

lussigkcil 

T'nlrikelspiil- 

feigkeil 

puluin 


Orangcgcllic, sclnniorigo 
Kolonicn 

Wadistum von glcichein Aiis- 
Tulierkulosc 


ifaliljcrg: Lango. siuirofosto, 
•stark Ibli-arligo Stiiliclion 

Hallborg^ZioId: Saurcfoslo, 
St iilidien 

HaiIborg=Zid,l: Siiurofosto, 
- - St iiiidicn 

Hailberg^Zichl: Siinrcfcsto J 
Slabchcn 

Hallbcrg=:Zichl: Stark tbb- 

flrRtle Stiibchcn 


iMccrscInvcin- 
chcnprobc 
mil po.sitivcr 
Kultur 
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7.al9i-eicheu saiirefesteii and spariidien niclit saurefesteu Stabchen 
Bcidc RoJirchen gabeii bei Impfung positive iMeerscliweinclien- 
probe. 

Hicraiis Jcaiin man den Scliluss zielien, dass lypisclies Imma- 
nes Wachsluiu saurcfcslc Sapropbyten enthalten kann. WacbsUnn 
desscn Ausselien deutlicli von dcm ])ei humaner und boviner Tuber- 
kulose gewohnlicben abweiclit, icann gleidnvoid aiis Tuberkel- 
baziJlen bestehen, Dasselbe kann der Fall seiip Avenn ausser siiure- 
feslen SLal)chen audi saurcfcslc Koklcen bzw. nichl saurefcste 
Slabclien oder Kokken in der KuUnr voricomnren. Abweicimngen 
iiu inakro- Imw. mikroskopisclien Aussehon des Wachslums musscn 
icdoch stels an saurefcste Sapropbyten denken lassen. Entscliei- 
dend ist der Ausfall der Meersclnveincbenproben. 

Von Avo slainnilen nun die suurcfesten Sapropbyten in den 10 
Fallen? Tab. 3 zeigt, dass sic 7mal bei Ziicbtnng A'on Yentrikcl- 
fliissigkcit erballen Avurden, 2nial von Sputum und Imal vo!i 
Plcnraflussigkcit. Die Ziffern sind zu klcin, als dass man mit Siclier- 
beit sagen konnte, Avelcbes Material bei Kullur am baufigslcn 
Wacbsium saurcfestcr Sapropbyten gibt. Lester fand bei cineni 
bedeutend grdsscrcn Material, dass dies bei Ventrikclspulflussigkeit 
der Fall ist. Mcinc Untersuebungen deulcn in dicselbe Richtung. 
Bei Ziicbtnng von 729 Yenlrikelspulflussigkeitcn Avurden niim- 
lich in 7 Fallen simrefeste Sapropbyten erbalten, A\’abrend die ciit- 
spreebende ZiXfcr bei Kullur A'on 748 Spntumpraparaten nur 2 Avar. 

17ie saureXeslcn Sapropbyten konnen tbeoretiscb von dem Snb- 
slral Oder \'on dcin Patienten stammen oder dem 3Ialerial bei 
dessen Bebandlung Amn aussen zugeXubrt vordeu sciu. In Obci- 
cinstinnnung mit Lester messe icb dcm Subslrat in dieser Bezir- 
iuing keinc Bedeulung bei. Wie sicb niiber aus der obigen Besebrei- 
biing der Bereitung des Substrats ergibt, AA’urde dieses sebv sorg- 
Xiiltig sterilisiert und danacb ausserdem auf seine SterilUat gc- 
priift. Wenn das Substrat einc Rolle fiir die Entstebung saurefester 
Sapropbyten spielen Aviirde, miisslen soicbe ubrigens bedeutend 
biiuXigcr Amrgekommen sein, als es tatsacblicb dev Fall Avar, da 
Jedesnral eine ziemlich grosse Menge Substrat hergcstellt Avnvdc. 
Die saurefesten Stabchen konnten Amn dem Patienten staminci’- 
Dies taten sie ZAveifellos in Fall 10, ayo saureXeste Stabeben 
in inebreren Sputuinproben bei geAA’ohnlicbcr mikroskopiscbf!' 
Urriersuchung festgestellt AAurden. In Fall 3, avo ZuebUmg von 





sivUHKrns-rr .apuo.hvtkn, k.m: xv.cht...: Kn.,...:n...:K,,u: i.K. i:sxv. 

Sputum stallfaud, und in Fall 1, vo Zuchtung von Pleura- 
fUissigkcil vorgcnommcn Avurdo, wavon dagegcn bei Mikroskopu- 
keine suurelesten Slabchcn vor der Ziichlung nacluvcsbar. 
Mikroskopisclic Uutersuclumg ging dor Zficbhmg von \ onlnlml- 
spulfliissigkcit nicbt vorbcr. Deshalb liissl sicb uiolils BosUnnnU's 
iilier die Herkmift der saurefoston Saprophylon in diosen b-iillcn 
sagcn. Aber cs ist \voldl)ckannl, dass saurefoslo Saprophylon 
soAVohl in der Vcnlrikclspuinussigkeit als im Sputum vorkom- 
men konncn. Nur in eincm der in I'fdlc fanden sioh also die 
saurefeslcn Saprophylon mil Sichorlioil iu’i dom I’alicuten. Mdg- 
lichorweise verliiell cs sich in dcm einen odor andcreu dor tiiirigen 
Fallc cbeuso, dock liissl sich dies jctzl uichl beweisen. Dio s:iuro- 
feslen Saprophylon slammlen somil in gewisson F'iillon von diun 
unlersuchlcn ]\Ialcnal. In andcrn Fallon diirflon sic wiihrond dor 
Zubercilung. die dor Ziichlung vorhorging, von nvisscn gokommon 
soin. 


Zusainmenfassuiig. 


1. SiUirofcsle Saprophylon orhall man hoi Ziichlung von Spu- 
lum, Vonlrikelsiiulfliissigkeil und Plourafliissigkoil hodoutond hiiu- 
figcr, als man im allgcmcinon annimml. Boi diosor rntorsnchung 
Asurden solchc in 10 von IG;)*! Kulluron nachgou'ioson, d.h. in ungo- 
fiihr O.G %. 

2. Siiurefcslo Saprophylon und Tuberkolba/.ilhm kimnon so- 


Avohl in Kullur als unlor dcm Mikroskop dassolbo Aussohon liabcu. 
Fine Kullur, die aus Tubcrkolbazillcn zu boslohon schcinl. kann 
saurefesle Saprophylon enlliallcu. Andcrersoils kann gcioi'onnicli 
cine Kullur, die cin von 'ruberkulosc alnvoiohomios Aussolu-n hal 
dennoch Tubcrkclbazillon onlhallen. 

Saurefesle Saprophylon sind cine gofiihrlicho l-Vhloniuollo 
boi Ziichlung Welchc Irrlumer bogangen Avordou konnon. zoigl 
de: BenclA uber 2 friiher und 10 i„ lcl,lor Zoil nnchgoAviosono 
1 .> 11 ^ 2 , Avo Saprophyten bei Ziichlung orbalUm Avurdon ' 

4. Fur saurefesle Saprophylon sprioht oin von Tuborkuloso 
bMcichendcs malcro- und mikroskopisohos Aussohon (gloich 

shoi-efoslen SUibchon und Kokkon bzw 

cuiiu:i:i;;;^:;;^;:;"ir nassoiho gm, Awnn di; 

« chsl, als os boj luborkuloso gewohnlich isl. Sichor 
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kann man dessen indes niclit sein, wie aus zwei angefuhrleii Bej- 
sjiielen hervorgeht. 

0. Fehldiagnostik kann in folgender Weise vermieden Averden: 
iVn Orten, wo Meerscluvcinchenproben oline grossere Kosten aus- 
fuhrliar sind oder Untersiichung des Bakterienvorkominens in 
Sputum, Ventrikelspiilflussigkeit usw. nur selten in Frage kommt 
solltc niclit Ziichtung, sondern nur I^teerscluveinchenprobe statl- 
finden. Wenn Balclerienuntersucliung in grosserem Umfang vor- 
genommen wird und man also aus ndrtschaftlichen Griinden aitf 
die zuverlassigere iSIeerschweinchenprobe verzichlen muss, isl 
Zuclitung die gegebene Methode. Um Venvechselung mit saure- 
festen Saproplij^ten zu vermeiden, ist jedocli eine erganzeiule Sleer- 
schweinclienprobe unter folgcnden Voraussetzimgen aiiszufiilirea; 

a) Wenn der Nachweis saurefester Stabcben bei Kultnr oder bei 
divektev mikroskopischer Untersuclnmg dem klinisclien Bilde 
n'idersprichl, 

b) wenn saurefeste Stiilichen bei Bronchiektasiepatienten nach- 
gewiesen werden, 

c) wenn die erlialtene Kultur saurefester StSbchen makro- 
oder mikroskopisch von gewobnlicliem bumanem oder boviucm 
Wachstum abweiclit. 


Literatur, 


Eichbaum, F.; Z. hnmun. forsch. 74,n (1932); ZbI. Bakler. 1. Orig. 127, 
65 (1932); Fef. KJin. Wsdir. J933, 043; Ergebn. d. Hyg. Bakteriol. Imtorsch. 
u. cxperim. Therapie, 14, 82 (1933). Gellersledt, Eb; Eovdisk Medidu 16, 
1063 (1944); Acta path, et inicrobiolog. scand., Suppl. LIV 574 (1944).— 
Hedvall, E.: Sv. Tuberkulostorcningens forhandlingar 13/12 1933. - 
Hnsted, E.: Om tubercelbacitpaavisning med henblik paa dcnnes auvondelse 
i den kJiniske diagnostik. Levin u. Munksgaards Forlag, Diss. Copenhagen 
1930 _ — Lester, V.; Amer. Jouni. Dis. Child. 47, 322 (1934); Ugosku I 
Laegor 100, 814 (1938); Acta tub. scand. 13, 251 (1939). 



Acta Medica Scandinavica, 


. Vol. CXXI, fasc. I, 1945. 


From Ihe Neurologic CUnic ol SiockMur. (Chick 

Professor I^iis Anioni) 


Polyneuritis following Sulfanilamide Therapy. 

By 

RAGNAR mOller. 

(Subitiillcfl for publication Dnrcmbcr 11. Ill 11). 


It. is well known Ihai the therapeutic u.sc of snlfanihunide or 
any related drug involves certain risks. More or less severe compli- 
cations may arise due to disUirbauccs of different organs or organic 
systems. Among the severe concurrent diseases due. to involvement 
of the nervous system, polyncuriUs is of most common occurrence. 

The experiments of Bicter and coworkors on animals have, 
demonstrated that all sulfanilamide compounds may produce 
organic alterations of the nervous sy.stem. The adminislrnlion of 
sulfamcihylthiazplc, sulfanilyldimclhvl.snlfanilamidc (uliroii) and 
sulfafenylthiazole produces extensive and marked altcration.s, 
whereas after llie use of sulfanilamide, sulfapyridino and .siilf.a- 
thiazolc only mild and inconstant aUerations arc liable to occur. 
Clinical experience also indicates that tlic nervous system is espe- 
cially susceptible to the action .of sulfanilamide compounds sub- 
stituted with methyl. Thus, polynciirili.s was almost cxcliisivclv 
observed after iiliron and sulfamclhyilbiazolc thcrapj’, allbough 
these preparations are considerably less extensively used as thera- 
peutic agents than other sulfanilamide compounds. Nvnian staled 
that tlic sulfanilamide compounds in tins respect arc comparable 
to certain alkaloids such as slrycbnine, mor[)hirie, cocaine, veratine 
and atropine which also .show incrca.sed affinity to the nervous .sv.s- 
lem if metliyl is added. ‘ 
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As early as 19-10, Plugge collected from the literature 70 cases 
of uliron polyneuritis. About 20 cases of sulfamethylthiazole poly- 
neuritis are described in the medical literature.^ Tire majority of 
these were published in the Danish literature to which Bruun and 
Hermann (1942) contributed with 10 cases and Dstgaard (1942) mth 
3. In the Swiss lileratui'e 2 cases were published by Gsell, and in the 
Americ; n literature Brown and Herell reported 3 cases. Only a few 
cases of polyneuritis as a result of the administration of other sul- 
fanilamide compounds are knowiPand may' be classified as follows: 
4 cases after sulfanilamide (Ornsteen and Furst, 1938, Alder and 
iilachoff, 1938, Bruun and Hermann, 1942), 3 cases after sulfapy- 
ridine (Plugge. 1940, Petren, 1941, Sugar, 1942), 1 case after sulfa- 
pyridine (Little, 1942), 5 cases after sulfathiazole (Pedersen, 1942, 
Bruun and Hermann, 19-12, Little, 1942). 

During the last four years 7 patients manifesting polyneuritis 
as a result of chemotherapy were treated at the Neurologic Clinic 
of the Serafim Hospital, Stockholm. The present material includes 
1 case of uliron polyneuritis that was previously described by 
K. A. Ekbom, and 1 case to which sulfapyridine and sulfathiazole 
were adnunistered in addition to uliron. In the remaining 5 cases 
polyneuritis occurred after the use of sulfanilamide compounds 
which had not been substituted with methyl. Sulfanilamide was 
given to 1 patient, sulfathiazole to 2, and 1 patient was treated with 
sulfanilamide, sulfapyridine and sulfathiazole. Another patient 
who was treated for polyneuritis on two separate occasions was given 
sulfapyridine on the first occasion and sulfathiazole on the second. 

Case 1, Female, aged 56 years, record No. 171/40 and 4/43. Since 
her 34tli year the patient liad been suffering from asthma, but otherwise 
enjoyed good health. In the beginning of December of the year 1939, 
she came into hospital because of acute pneumonia and was treated 
mth sulfapyridine for a short period. She was given altogether 16.5 g of 
this drug on three separate occasions. About the end of December the pa- 
tient developed violent pains in her left arm which gradually grew weak. At 
the end of the following week similar symptoms set in, in her riglit arm and 
were accompanied with paracsthesia and paresis in the legs. The paresis 
progressed to the point that at the end of a month the patient was in- 
capable of eating or standing without assistance. 

The examination of the patient at the Neurologic Clinic on March 
27, 1940, showed that the muscular motility in the extremities was poor. 
In the left hand the active motility was absent. Her legs would not support 


1 The author studied the literature up to June 1, 1944. 
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POLYNEURITIS FOLLOAVING SULFANILAMIDE TllEnAPY 

hpr The muscles ol the Jour cxlrcmilies were highly atrophic. The electric 
Sanuiation of the muscles revealed total reaction of degeneration in the 
1 as nnd narlial reacliou oJ degeneration irnthe legs. She complained o 
Snl patnsinlho cxlromWcs. Suporticial aenalbilily tor all qualilte was 
diminished in the feet, lower legs, hands and forearms. Deep sensibility u as 

dirSdinLW^^ 

muscular reflexes could be evoked in the The (piadnccps refie.^^ and 


muscular reflexes couia nc evoReu m mu , - 

the ankle reflexes did not show any abnormalities. There were no other 
symptoms of nervous disturbances. Examination of the cercbro-spuial fluid 
and of the blood did not reveal anything abnormal. The histamine test 
yielded 20 ml gastric juice during 45 minutes; free IICl max. 32. Ta. max. 70. 

The patient was given anenrin and hepaforte for five months. As a 
result of this treatment there was considerable amelioration of her con- 
-dition. She was discharged from the hospital relieved from pain. During her 
hospitalization at the Neurologic Clinic she was operated on for polypi in 
both nasal cavities. 

The condition of the patient continued to improve after her return 
home. Gradually she was able to walk fairly freely, thoiigli with pro- 
nounced steppage gait. She was also partly relieved from the pare.si.s in the 
upper extremities, though full extension of the fingens of. t!ie right hand 
was not possible and her loft hand remained paralytic. 

In August 1942, the patient developed a fever duo to an infected 
excema for whicli she was ho.spitalizcd from Sept. 38 to Nov. 31. From 
Sept, 22 to Sept. 20, she was given sulfalhiazolo, altogetlier 20 g. On Nov. 
14, the patient again complained of violent pains in the cxlrcmilies. Six 
days later she manifested paracslhesia in the feet and paresis in the arms 
and legs. Tlic paresis rapidly became worse until at the end of a few weeks 
the patient was incapable of standing without assistance and of using her 
left arm. On Sept. 19, the blood counts yielded 11,400 white blood coll.s, 
eosinophils 3 per cent, on Sept. 25, 17,000 wiiile blood colls, co.sino]ihi!s 
12 per cent, and on Nov. 4, 30,000 white blood cells, eosinopliils CO per cent. 

On Jan. 5, 1943, llie examination of the patient at the Neurologic 
Clinic showed that her general condition was very poor. In addition to Iho 
paresis of the m. rectus ini. oc. sin, she manifested extensive paresis of flio 
muscles of all extremities. Active motility of the toes, ankles and the left 
hand was absent. She was incapable of standing or eating without assi.slan- 
ce. The muscles of all cxlrcmilies were JiigliJy atrophic. The electric exami- 
nation revealed absence of response to stimuli in the left liand, and total 
reaction of degeneration of the muscles of the legs, the forearms and llio 
2 complained of violent pains in ],or legs and arms, 

and manifested tenderness to pressure in the muscles of the extremities 

Sed in !LT sensibility for all qualities w'ns dimi- 

diminished in the fingers and toes. The biceps and quadriceps reflexes could 

?he ^voro\veak, ovrn ii^dSSo 

nml distarS“r’’°’'° 

7 -- Acta med. scandinov. Vol. CXXl. 
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During her five and a halt months’ stay at the Neurologic Clinic the 
patient was treated with aneurin. This treatment resulted in an inconsi- 
derablc improvement of hec condition. The pains subsided, and there was 
partial regression of the sensory disturbances, but with the exception o( 
the paresis of the ocular muscle whicli completely regressed the narreic 
remained unchanged. 

During her hospitalization (he patient periodically suffered from 
rather severe attacks of asthma, and on a few occasions manifested urti- 
caria and Quinke’s edema. During the last month of her stay at the hos- 
pital she developed hydrops of the knee joints on both sides. Afebrile tem- 
perature alternated with subfehrile temperature, mth a few peaks of and 
above 39° C. 

The sedimentation rate which was 18 millimeters per hour when the 
patient was admitted to the hospital, gradually accelerated and was 118. 
millimeters per hour when she left the hospital. Gradually a mild hypo- 
chronic anemia developed, in the course of which the blood counts reveal- 
ed: Hemoglobin content 65 per cent, red blood cells 3,830,000. The white 
blood cells varied between 9,300 and 18,200. During the first month other 
slay at the Neurologic Clinic the patient exhibited only a mild eosinophilia 
with 7 to 8 per cent eosinophils. This rapidly developed a severe character 
and the repealed blood counts revealed that the eosinophils varied between 
30 and 55 per cent. Immature cells were not delected. In the sputum 30 per 
cent eosinophils averc found. The feces did not contain any vermis eggs. 
The allergic test (including testing of the reaction to sulfathiazole) by means 
of the cutaneous test (Juhlin-Dannfell) yielded negative results. The his- 
tamine test, yielded GO ml gastric juice per 1 hour, free HCl max. 55. Ta. 
max. 65. The skin and the inner structures showed no abnormalities. 

A few months after her discharge from the hospital the patient died. 
A post mortem was not made. 

Case 2. Male, aged 19 years, record No 222/40. (This case was previ- 
ously published by K. A. Ekbom). The patient who had previously enjoyed 
good health contracted a sore throat and a cold in the nose in the middle 
of February of the year 1940. A week later there was discharge from the 
urethra and urination was painful. He was given a total of 24 g of uiiron 
during sixteen days. On March 10, on the twelfth day of the treatment, the 
patient experienced for a few hours paresthesia in the feet. On the next 
day he developed pains in the calves. At the end of a week the pains sub- 
sided, but weakness of the ankles and toes became manifest. The paresis 
impaired during the subsequent days, but then remained stationary. No 
signs suggesting involvement of the arms were observed. One week after 
the first course of uiiron therapy, tire patient was given a further 4.5 g 
of uiiron, as there still xvas urethral discharge. . 

On April 23, the examination of the patient at the Neurologic Clinic 
showed that both big toes were paralytic and that the motility of the late 
toes was xveak. The ankles flexed weakly to 120°. All other movements o 
these joints were hkeivise made with reduced strength. The patient vras 
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sluggisli, whereas on tlie right s,dc «l was norma Tln> qi adneeps 
relSes wero somewhat more acccnlnatcd. The plantar reflexes could not e 
evoked. Otherwise there were no signs of nervous d.slurhances. li e 
cerebro-spinal fluid was normal. Ew.aUr.s test meal revealed nothing ab- 
normal. _ . a ■ T> 1 I l 

Altiiough the patient was given harge quantilic.s of vitamin li, he had 

not fully recovered at the end of one year. He still manifested a mild pare- 
sis on dorsal flexion of the loft ankle. 


Case 3. Male, aged 47 years, record Ko 277/40. In 1029 the patient was 
hospilaVized for two months at the Medical Clinic of the Serafim Hospi- 
tal because of polyneuritis of unknown etiology. Since Ihcn the pafienl 
noticed at times a slight numbness and tendernc.ss to pres.snre in both legs 
following phj’.sical exertion, but otherwise was healthy. In the middle of 
February, the patient fell ill with angina tonsillaris. On this occasion he was 
given 7.5 g of sulfanilamide for a couple of days. On the second day of the 
treatment the patient complained of tenderness of the finger lips and of 
numbness in the legs. Subsequently, pains, parncstliesia and paresis doA'c- 
lopcd in all extremities. The paresis gradimlly hecamc worse. Tlie con- 
dition of the patient remained 'stationary from the beginning of April. 

On May 25, 1940, the examination of the patient at the Neurologic Clinic 
revealed that the legs wore paralytic, and that there was but inconsiderable 
motility of the arms. The fingers moved inconsiderably and weakly. On 
forcible breathing paresis of the re.spiralory muscles was noliceahle. The 
muscles of the extremities were moderately alrojihic. The elcclric exami- 
nation of the muscles did not furnish any dofinilo evidence of abnormalities. 


The patient complained of moderate pains and paresthesia in (ho extre- 
mities. There was iiypaesthesia for all qualities in the oxtroinitic.s. Deep 
sensibility was absent in the toes and diminished in the fingers. The muscu- 
lar and plantar reflexes could not lie evoked. Othorwi.se llicro were no 
symptoms of nervous disturbances. The patient umnifcsteci achylia which 
was refractor}' to histamine. I’lic Idood picture was normal. 

For SIX weeks the patient was treated with vitamin B and hcpaforlo. 
His condition unproved. When lie signed Jiis reloa.se from the iiospital 
he could walk, though lie required assistance, and move liis arm wit li 
satisfactory strength. The .sensory disturbances liad considerably improved 
and the patient was relieved from pain. ' 


1 .P patient stated tint 


100 


RAGNAR MiiLLER 


course of seven days. A month later violent pains in the arms set in acse 
dated with mild paresis. These symptoms gradually increased and at 
end of a fortnight the patient had great difficulty in lifting his arms. At 
that stage of the disease the patient was also troubled with paraesthesia 
in the hands. From the end of June on, his condition remained stationan- 
He did not manifest any symptoms of involvement of the legs. 

On Aug. 2, the examination of the patient at the Neurologic Clinic show- 
ed that he could not lift his arms higher than 45 degrees. Motility of the el- 
bow joints was weak. He could not extend his hands which hang limply 
at his side. The pressure of his hand lacked strength. There was pronounced 
atrophy of the muscles of the upper extremities. The electric examination 
revealed that the atrophic muscles presented partial reaction of degenera- 
tion. There were no symptoms of paresis in the lower extremitie. The 
patient complained of moderate pains and paraesthesia in the arms and 
hands. Superficial sensibility was absent in the arms and radially also in 
the hands. The muscular reflexes in the' arms could not be evoked. The 
muscular reflexes in the left leg rvere weak, whereas in the right leg they 
were-normal. Otherwise, there were no symptoms of nervous disturbances. 

The patient did not manifest anemia, but a mild leukopenia was pre- 
sent. The blood examination revealed eosinophilia with 10 percent eosino- 
phils. The insulin test yielded 50 ml gastric juice during 1 hour, free HCl 
max. 9, Ta. max. 27. 

For one month the patient was treated with vitamin B and insulin. The 
dosage of the latter was gradually increased until he manifested subcoma. 

When the patient left the hospital he was relieved from pain and was 
no longer troubled with paraesthesia; the paresis had also slightly re- 
gressed. 

Case 5. A girl, aged 3 years, record No 1227/43. The patient had been 
healthy until June 10, 1943, when she developed scarlatina. Six days sub- 
sequent to the onset of the disease she manifested symptoms of olitis 
media in the left ear. On June 28, trephination was performed for mastoi- 
ditis on the left side. Gradually she manifested symptoms referable to in- 
volvement of the cerebellum. On Aug. 16, she was operated on and an 
abscess was found localized to the left hemisphere of the cerebellum. Sub- 
sequent to the operation the patient wms given from Aug. 21 to Sept. 23, 
sulfathiazole, 10.5 g per os and 9 g per rectum, sulfanilamide, 10.5 gper 
os, sulfapyridine, 3 g per os and 21.3 g intramuscularly. During the 
course of the chemotherapy the condition of the patient improved. Her 
temperature became normal, secretion from the area operated on ceased, 
and there was complete recovery from the cerebellar abscess. In connec- 
tion with the intramuscular injections of sulfapyridine local necrotic 
patches developed situated in the gluteal regions and proximaliy in ij 
thighs. On Sept. 14, when the necrotic patches had almost disappeared, 
it became apparent that the patient could not move her left leg. The left kg 
was almost paralytic and the strength of the right leg was also reduced, c 
pleptric examination revealed total reaction of degeneration of the extensor- 
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1913 revealed Ibat there was absence of active inolilil j of the k ft n - 
aiiki. She could move her left hip joint only slightly and the n.ovemn. s 
lacked strength. The toes of the loft foot moved but inconsiderably. T n 
strength of the right leg was slightly reduced. There was moderate atrophy 
of the muscles of the left leg. Sensibility (only iiain appreciation was te.sled 
seemed to be intact. There was absence of all muscular reflexes in the lef 
leg, and the quadriceps reflex in the right leg could not be evoked. All 
other muscular reflexes and the plantar reflexes were normal. Apart 
from choked disks, the condition of which had not changed since the tune 
prcA-ious to the brain operation, there were no nervous disturbances. 

There was no anemia. The blood examination revealed 8,200 wliiti* blond 
cells, eosinophils 15 per cent. The administration of lai-ge qnanlilies of vita- 
min B over a period of two monllis, did but iiieonsideralily improve ttie 
condition of the patient. 

Cn.se 6 . Wale, aged .50 years, record No S2/.)'l. The patient liad been 
healthy until Oct. 22, 1012, when the little finger of his left liaiui was 
struck by a hammer. A few weeks later ho develojied fever and a chill. 
From Nov. 10, 10.12, until Jan. 22, lO.JH, he was hospitalized and treated 
on the diagnosis of complicated fracture of llie second phalanx of llie little 
finger of the left Iiaiul and sepsis. From Nov. 10 to Dec. 7, lO.jo, }|o wa.s 
given MO g of sulfathiazole. In the middle of December, the jialienl began 
to complain of pains in the extremities, and in the beginning of January 
of fhe year 1943, when he was allowed to gel uj), his legs wore weak and lie 
had difficulty in walking. The muscles of the lower legs were atrophic 
and the ankle reflexes could not be evoked. No information was available 
as to the condition of the upper extremities at that lime. The examination 
of the patient in July revealed atrophy of the muscles of the hands and 
that the pressure of his liands lacked strcngfli. 

On Jan. 20, 1944, the examination at the Neurologic Clinic showed 
that the general condition of the patient Avas poor. Tiiero was obvious 
oligopbrema and be considerably exaggerated bis condition (in.qirance 
case) The movement of the toes was greatly restricted and weak. Active 

mvcSl T rr’t' knee and hip joints iva.s 

^AAcrful. The hands were weak and the wrists also lacked strength. 

There u as no definite evidence of reduced strcnglli of tlie elbow and 
shoulder joints. The muscles of the lower legs were bieiilv ^1 • 

those or llie torcams ai,d hands only modoralcly so. The cld^ ey„,',i,'n ’ 
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tested as the patient gave conflicting information. Otheiavise, i\o SvmntonK 
of nervous disturbances were observed. " ^ 

There was no anemia. The blood examination revealed 8 too while 
blood cells, eosinophils 7 per cent. There was achylia which was’refraclorv 
to histamine. For one month the patient was treated with vitamin B without 
any result. 


. Case 7. Male, aged 27 years, record No 438/44. Until Jan. 5, 1944, when 
the patient contracted gonorrhea, he had been in good health. Without 
consulting a physician, the patient took 14 g of sulfapyridine over a period 
of four days. Later, when he went to see a a physician he was ordered lo 
to take 50 g of sulfathiazole. This drug had no effect and therefore he 
took a further 60 g of uliron of his owm accord. In the middle of February, 
the patient noticed a slight tenderness of the calves and pains when walk- 
ing, and a few days later, when getting up in the morning, his legs fell 
4veak. He discontinued the uliron treatment. He was able to carry on his 
work as a mechanic until the middle of March when weakness in the right 
hand developed, and a few days later in the left one also. From then on, his 
condition remained stationary. 

On April 17, 1944, when he was examined at the Neurologic Clinic, 
the pressure of both hands lacked strength. He could not abduct or addiicl 
the fingers of. the right hand, and these movements were made with reduced 
strength in the left hand. The thumbs could not be fully opposed. With liio 
right ankle the patient could only make inconsiderable and weak move- 
ments, whereas the motility of the left ankle was not quite so weak. The 
movement in the toes was inconsiderable. The patient could not stand on 
his toes or heels. General strength of the wrist, elbow, shoulder, knee and 
thigh joints was powerful. All the muscles of the left hand were atrophic; 
in the right hand there was only atrophy of the muscles of the thumb. 
In the lower legs there was atrophy of both the flexors and extensors, 
especially on the right side. Superficial sensibility was slightly reduced in 
the feet. Deep sensibility showed no abnormalities. The brachioradialis 
reflexes were weak, the triceps reflex could not he evoked on the right side. 
The other muscular reflexes in the arms were normal. The ankle reflexes 
were absent. The quadriceps reflex on the right side was weak, whereas 
on the left side it was normal. The plantar reflexes could not be elicited' 
Otherwise, there were no signs of nervous disturbances. 

The blood picture was normal. The histamine test did not reveal any- 
thing pathologic. . ^ 

At the end of a fortnight, the patient left the hospital without sliowm, 

any amelioration. 

The clinical picture of polyneuritis following uliron and sulfa- 
methylthiazole treatment is well known from the publications in 
literature. The cases of uliron pol 3 '’neuritis included in the present ma 
terial are characteristic of the disease. Signs of motor disturbance^ 
predominate in the shape of symmetrical distal paresis which isfrequ 
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ently associated .vith marked muscular alropliy. At au early singe of 

aot especially troublesome lo the paiient and .n 
the cases these symptoms rapidly regress. Ihe pam is tliu > • I 
rieuced as a cramp in the calves. I'requcntiy. there is Icndernc.ss 
of the muscles of (he affeded areas. Signs of sensory deficiency arc 
often completely absent, and, if present at all. they are compnra- 
lively slight. A characteristic of the condition is Uiat the lower 
extremities are affected to a much larger extent than the upper 
ones. In many cases tlie arms arc not involved at all, whereas only 
exceptional^ ore the legs not affected. Brnnn- l^cdcrscn and D.ils- 
gaard-Nielsen described a case of polyneuritis following uliron 
treatment in ivhicli only the arms were affected. As a rule, the foul 
extremities arc affected, though the arms lo a lesser degree than 


the legs. 

From tlie study of the small number of publisbcd rases of poly- 
neuritis occurring after the admiuislraliou of non- mclliylated sul- 
fanilamide compounds, it may be assumed that the riinical pic- 
ture of cases of that kind is generally .somewhal different. 'I'lio 
paresis is more extensive and predilection for the distal jiarls of 
the extremities is not so pronounced. In four of the reported ensva 
(cases 1, 3, 4, and 5), the paresis in the proximal part of the extro- 
mities was almost as severe as in the distal ones, and only in case 
6 were tlie muscles of llic proximal parts fairly intact. Polyneuri- 
tis of this land is also more painful, 'riuec of the patients (cases It. 
4 and 6) gave a history of violent pains of iminy weeks’ duration. 
Two cases (cases 3 and 4) complained of Irouhlcsome paraestliesiu. 
Jhe signs of sensory dcficicnc}' were al.so more pronouncod. Case 1 
manifested an almost complete ane.stcsia in llic anus and in eases 


1 and 3 there wa.s also pronounced hypesfliesia in the cxtremilio.s. 
In the two last-mentioned ca.scs deep .sensihility was considerably 
diminished in the fingers and toes. Tlic upper and lower extremilie.s 
appeared to be affected to about the same, degree in most of the 
cases. In case 4, bowevej-, the Icg.s were intact, though the muscu- 
ar reflexes in t)ie left leg wei-c somewhat weaker, blvon in <>aso 1 
the arms Yvere affected to a liighcr degree tjian the logs 

To summarize, it may be .slated that in cases of pohmenrilis as 
a resnlt of sulfanilamide, sulafapyridine and sulfalbinzolc the 
symptoms, as a rule, are more cxlen.sive and more, pronounced th: 
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in cases of polyneuritis due to uliron and sulfamethyl hiazole 
Further, the clinical picture is not to the same extent marked bv 
predominance of signs of motor disturbances as in polyneuritis 
followng uliron and sulfamethylthiazole. 

Signs from the cranial nerves are very rarely manifested. Van 
Valkenburg and von dem Borne described a case of uliron polyneu- 
ritis which was associated with anosmia, ageusia, pharyngeal 
paresis and sensory disturbances in the face. Bucy reported a case 
of optic neuritis due to uliron. One of the patients reported here, 
(case 1), developed paresis of one of the ocular muscles after siilfa- 
thiazole treatment. Case 3 exhibited a mild paresis of the respiraton' 
muscles, a symptom which, as far as the author knows, has previ- 
ously not been reported as concurrent with polyneuritis of this kind. 

In certain cases symptoms of polyneuritis even set in during 
the course of the treatment, whereas the majority of the cases did 
not manifest the first symptoms until several days or weeks after 
the treatment had been discontinued. According to Hullstrung 
and Krause Dincubation time», as a rule, covers a period of 
twenty days. In the present material »incubation» took, eighteen, 
thirty, nineteen and eight days respectively. Of the four 
patients who showed symptoms of the onset of the disease during 
the course of the treatment, three did not manifest these symptoms 
before the twelfth day of the treatment. In case 3 there- was mani- 
festation of sjmiptoms as early as the second day of the treatment. 
This, liowever, was due to certain conditions udiich will be referred 
to later on in this paper. 

Nothing definite can as yet be said about the duration of the 
disease, and the possibilities of cure, because the follow-up time has 
been too short in the majority of the cases published so far. As a rule, 
however, the symptoms are still manifested at the end of three 
to five months. The prospect of recovery does not seem to be 
very favourable, an assumption which, among other things, is sup 
ported by the fact that the electric examination of Lhe muscles 
frequently reveals total reaction of degeneration of the affected 
muscles. One of the reported cases, case 1, after two years and six 
months was still manifesting paresis and contracture in one han 
and paresis of the peroneus in both sides. The other patien s 
described in the present paper also exhibited severe disturbances 
pnnuino invaliditv p.vp.u after a follow-up period of from tuoan 
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of half months to one year. Polyneuritis due to sulfanilamide should 
therefore be considered as a very severe complication which, as a 
rule, keeps the patient from work for months, and sometimes even 
disables him for life. Compared with the prospect of recover}’ in 
cases of polyneuritis due to other causative agents, the prognosis 
for sulfanilamide polyneuritis seems to be unfavourable, though no 
lethal exit from this kind of polyneuritis has so far been reported. 

Chemotherapy in cases of polyneuritis of tliis kind, has, without 
any doubt, an important bearing on its development. It might, of 
course, be possible that the primary disease which is an infectious 
one, gives rise to polyneuritis in these cases. On the other hand, 
however, this assumption hardly holds good in vdew of the fact 
that polyneuritis hardly ever or only -very rarely coexists with such 
infectious diseases as gonorrhea and pneumonia. Nevertheless the 
possibility should not be excluded of infectious diseases having 
some, though minor bearing on the origin of polyneuritis, as is 
frequentty the case in polyneuritis due to alcoholism. 

Sulfanilamide and related drugs might produce polyneuritis by 
a direct toxic action on the nerve tissues or by sensibilization. 

If the disease is assumed to be due to a toxic action of the 
drugs, then one is ■ inclined to suppose that the quantities which 
are adniinistered to the patient have a decisive bearing on its de- 
velopment. In some of the cases published in the literature, large 
quantities of sulfanilamide preparations certainly had been admi- 
nistered. As a rule, however, the total dose did not exceed 20 to tO 
g which may be called a moderate dose, and in some cases polyneu- 
ritis even occurred after the administration of very' weak doses. In 
one of the cases published b}' Brmm and Hermann the patient had 
not been given more than 7.2 g of sulfanilamide. TheTablesinclnd 
ed in this paper, show the total dosage given to the reported cases. 
As may be seen, the total dose, at least in cases 1 and 3 was 'fO 
weak. No correlation between the strength of the dose adminis 
tered to tlie patient and the degree of the severity of polyneuritis 
is demonstrable, though such should exist, if a toxic action o 
the drug is taken for granted. In this connection it should be realiz 
ed that concentration of sulfanilamide and its compounds in the 
blood and tissues does not depend exclusively on dosage, but also 
on renal discharge. If this is diminished a toxic damage may occiifi 
even if small quantities of sulfanilanude or of any related drug 



polyi^euritis foleowikg s«leamlamide therapy 107 

are administered, ^fhe assumption that patients suffering from polj^ 
neuritis exhibit kidney troubles to a larger extent than other mdi- 
riduals, is not justified, however, as m many of these cases the 
patients who Avere treated, say for gonorrhea, were young people who 
had previously been healthy (Eruun and Hernrann). It is therefore, 
hardly probable that polyneuritis following sulfanilamide therapy 
is, as* a rule, due to the toxicity of this drug to the nerve tissues. 

Allergic manifestations such as pyrexia, chills and exantliema 
after the therapeutic use of sulfanilamide are well knoAvn. Many 
circumstances support the assumption that poljmeuritis also niay 
be the manifestation of an allergic reaction. Polyneuritis, like drug 
fever and exanthema, occurs strikingly often after the intermit- 
tent administration of sulfanilamide or any related drug (this was 
the case in three of the reported cases) as well as in the cases which 
had undergone chemotherapy on a premous occasion. On uninter- 
rupted treatment, the allergic symptom, as a rule, are not recogni- 
zable before the eighth or ninth day of the treatment, a fact which is 
also observed as regards the onset of sj'mptoms in polyneuritis. 
The assumption of an allergic genesis of the disease is furtjier sup- 
ported by the fact that the quantity of the drug administered does 
not seem to be significant. It is rather interesting to note that four 
of the reported patients manifested blood eosinophilia,. a condition 
which, as a rule, only occurs in the presence of allergic polyneuritis 
(disturbances due to the administration of serum, periarteritis 
nodosa). In two instances, cases 1 and 3, blood eosinophilia occun-ed 
in conjunction wdth the onset of the first symptoms of polyneuritis. 
In this connection case 1 is especially interesting. It is the case of a 
wonmn aged 59 years vho since her 34th year had been suffering 
froni asthma. In 1940 she was treated for pneumonia will, 
pyndme. During the eourse of this treatment she contracted poly- 

neunt,,. Two years later, on the occasion of a therapy with 
sn a hiazole, polyneuritis recurred accompanied by severe blood 
eosmophiha with 66 per cent eosinophils. Four months later wl, » 
he was admitted to the Neurologic Clinic, her general condi t o 
was veo- poor and she manifested severe oolvneuritis n 
sty at the hospital the patient had at times Srsevl ”"® 

rerMs. “webri fo t'"^ 



108 


KAGNAR MtiLLER 


blood counts revealed a moderate leukocytosis and eosinophils im 
to 50 per cent. At the end of a treatment of five and a half months’ 
duration the patient was discharged from the hospital and died 
shortly after her return home. No post mortem was made. Ranke- 
man (1939):, stated that the coexistence of asthma, polyneuritis 
and blood eosinophilia is characteristic of perarteritis nodosa. In 
addition to the eight cases which came under the personal observa- 
tion of this author and of which seven were verified at thepost- 
naortem examination, he published further nineteen cases which he 
had collected from the literature. Svanberg recently described a 
case of periarteritis nodosa exhibiting this symptom complex. The 
picture of the disease in case 1 is so characteristic that it was assum- 
ed to warrant the diagnosis of periarteritis nodosa, in spite of the 
fact that the condition was histologically not verified. 

Contrary to the previous conception that periarteritis nodosa 
is a disease in itself, it is noAvadays considered to be a syndrome in- 
dicative of allergic reactions, produced by different antigens. In 
case 1 of the present material it m.ay be assumed that the sulfani- 
lamide preparation played the part of an antigen. 

Sensibilization for sulfanilamide and related drugs is comparable 
to the sensibilization produced by albumin. Polyneuritis is also 
apt to occur after serum treatment. 

Polyneuritis is very rarely concurrent with chemotherapy. On 
the basis of the study of a comprehensive material Frisk reported 
a frequency of only 0.1 to 0.2 per cent. It may, therefore, be as- 
sumed that a certain predisposition of the individual for this disease 
or some special causative agent have a decisive bearing on the 


origin of polyneuritis. 

It is obvious that a nervous system manifesting lesions due to 
some previous damage is especially susceptible to chemotherapj, 
a fact which was observed by several authors. Bruun and Hermann 
described three cases which contracted mononeuritis within an 
area Avhich previously had been damaged due to some mechanical 
01 infectious action. One of the cases reported here also illustrates 
the reduced resistence of nerve tissues which had previously been 


damaged. This is the case of a man aged 47 years (case 3) in vhoin 
the administration of only 7..5 g of sulfanilamide resulted in the 
recurrence of polymeuritis from which he had suffered ten years 


previousty and the origin of which was obscure. 
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Tlie fact tliat the nervous system is mord susceptible to damage 
ia the presence of achylia, has been Avell knoYYm 
In this connection the so-called gastrogenic myc lopalhj and the 
cLnon coexistence of achylia with the different types of poly- 
neuritis should be recalled. This fact, however, has so far not been 
viewed from this angle when discussing the pathogenesis of po >- 
neuritis due to sulfanilamide. In six of the reported cases the gastric 
juice was examined. The test meal revealed normal conditions m 
two cases only. Two patients manifested achylia which was refrac- 
tory to histamine, in one patient there was pronounced byposc- 
crelion and tlie histamine lest revealed reduced acidity values, and 
a further patient on whom the insulin test was made, shoved 
almost absolute achylia. Hiillstrung, having dcmonslralcd that 
sulfanilamide and its compounds have no action on the sccie- 
tion of gastric juice, the deficiency in the secretion of gastric juice 
recognized in tlie cases described here cannot be explained by the 
action of chemotherapy. Deficient secretion of gastric juice most 
likely predisposes the patient to polyneuritis due to chemotherapy. 

Whether insufficiency of vitamin Bi is present in polyneuritis 
of this kind is still disputed. Engelhard! and Hiillstrung found 
that if aneurin was administered parcnterally to pigeons, it had 
both a prophylactic and a therapeutic effect on paresis due to uli- 
ron. According to this author, this paresis might be due to a de- 
ficiency in aneurin. Van Yalkenburg and von dem Borne also ex- 
pressed tlie Anew that deficiency in vitamin B^ was of major patho- 
genetic importance to polyneuritis due to sulfanilamide. Other 
authors, however, (Bruim and Hermann) stated that neither the 
past histor}’^ nor the condition of the patient furnished anv infor- 
mation as to the presence of deficiency in aneurin in cases of this 
type, a fact which concurs, with the experience on the cases 
treated at the Neurologic Clinic. In view of the fact that the thera- 
peutic use of aneurin on man yielded hardly any results, it does 
not seem likely that deficiency in aneurin is of common occurrence 
m the presence of polyneuritis of this kind. It is possible, however, 
la i here is deficiency of aneurin, the nervous system is more 
susceptible to the action of sulfanilamide or anv of its compounds 
man under normal conditions. 

unvaiyingly produced paresis in pi- 
g fed with small quantities of nliron and discptal if the ani- 
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mals Avere exposed lo powerful muscular exertion simuUaneouslv 
with the administration of the drug, or shortly afterwards. If tlie 
animals were given strenuous muscular exercise innncdiatclv after 
the ingestion of uliron or diseptal, the paresis was even more jiro- 
nounced and smaller quantities of the drug were required. Animals 
which were not given any exercise, manifested paresis on exceptio- 
nal occasions only, even if they were fed on larger quantities of uli- 
ron or diseptal than had been given in the prexdous experiment. It 
was also observed on man that polyneuritis due to sulfanilamide 
and any related drug frequently became manifest after phy.sira! 
exertion. Leroy published a case of polyneuritis due to uliron in 
Avhich the disease set in after the patient had taken an exception- 
ally long walk, and Tietze reported the case of a soldier who mani- 
fested polyneuritis subsequent to a parade march. One of the pa- 
tients (case 7) developed pains and paresis in the Icgsin lhecoiir.<!e 
of uliron treatment. Me discontinued the treatment, and was aide 
to carry on his work which, as he was a mechanic, was a great 
strain on his hands, until he manifested severe paresis in both 
hands and which set in about a month later. As prcwously men- 
tioned the first symptoms frequently occurred subsequent to a 
course of chemotherapy, and in many' cases subsequent to muscu- 
lar exercise while the jratient was up for the first time after a pro- 
longed rest in bed (Brunn and Hermann). Many observatioms support 
the assumption that in the presence of jrolymeuritis due to sulfani- 
lamide or any related drug, nwscular exercise may give rise to 
symptoms as is the case in polyneuritis due to other causative 
agents. Aluscuiar exertion increases the functional strain on the nerves, 
a fact which may' cause a latent insufficiency' to become manifest. 

On the basis of the discussion on the pathogenesis of polynoii- 
ritis due lo sulfanilamide or any of its compound.s, the following 
conclusions may' be drawn; The possibility cannot be excluded tlial 
in certain cases poly'neuritis occurs as a result of a i)urely toxic 
damage to the nerve tissue. As a rule,' however, it seems lo lie 
to sensibilization, as it happens in polyneuritis occuring 
the therapeutic use of serum. Premous damage to the iier%ou> 
sy'slem, deficient secretion of gastric juice and deficiency m 
rin are factors predisposing to this disease. Muscular exercise ina} 
cause a latent polyneuritis to become manifest. 

In order lo avoid as far as pos.sible the dcvelojimcnt of pel'" 
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neuritis certain principles should be observed vhen administering 
sulfanilmnide or any related drug. Judicious admin, stration of su 
fanilamide or any of its compounds is of major . 

patient should be given chemotherapy only on condi ion that hi. 
treatment is definitely indicated. If this is the case then all esta- 
blished rules should be strictly followed, llie drug should be admi- 
nistered during as short a period as possible; intermittent admini- 
stration should be avoided. Preparations substituted with methyl 
should not be administered. Such patients as manifested symptoms 
of hypersensitiveness such as drug fever or exanthema, on the 
occasion of a previous treatment should be desensitized bcfoie. 
being again submitted to chemotherapy. 

In the presence of renal diseases or of a disease which would be 
aggravated by polyneuritis, for instance, diabetes mellitiis or 
alcoholism, the symptoms and signs \iewed as calling for chemo- 
therapy should be most critically assessed. If the patient manifests 
ach3dia, or if he has prevnously suffered from polyneuritis, one sliould 
proceed with still greater caution. If there arc reasons to suspect 
the presence of deficiency of aneurin, it is advisable to take the 
necessary steps to comjiensate for this, preferably before the ad- 
ministration of sulfanilamide or any related drug. To put all eases 
under prophylactic treatment with vitamin Bj docs not seem to be 
indicated. 

Pol^meuritis due to sulfanilamide and related drugs contra- 
indicates further cliemotlierapy. 

Pains, paraesthesia or symptoms of even the mildest form of 
paresis manifested during the course of the treatment, sjiould call 
for immediate discontinuance of the cliemothcrajiy. The jialicnt 
should he ordered lo rest in hed lor at least a few weeks, as it was 
demonstrated that physical exertion was injurious. 

No effective therapy is so far available onsnring definite cure of 

rapr Td'tlf “d '■“'I' >”'5''’'“' "'l- 

1 ° administration of aneurin and liver preparations 

OUM also be tried. ,f pains and paraesthesia are d stre i m " 
he patient ,„s„u„ treatment should be taken into consiZtIo i 

untU tte”‘paUe”nVm?'f T ‘'7“ 

skiold) ' ” (MMIcr-Hegelnann, Siifvei- 
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Summary. 

'I'he author reports 7 cases of polyneuritis whicli had occurred 
following chemotherapy. Of these, 2 were treated with uliroii, i 
with sulfanilamide, 2 with sulfathiazole, 1 with sulfanilamide, 
sulfapyridine and sulfathiazole, and 1 with sulfapyridine. In the 
latter case there was relapse of polyneuritis after two years when 
the patient was subjected to treatment with sulfatliiazole, in the 
course of which the clinical picture was similar to periarteritis 
nodosa. 

Polyneuritis following the treatment with non-niethylatecl 
sulfanilamide compounds seems to be more malignant than uliron 
and sulfamethyllhiazole potyneuritis. The frequency of polyneu- 
rilis, liow^ever, is considerably higher following the treatment with 
uljron and sulfamethyllhiazole than after the use of other non- 
methylated sulfanilamide compounds. 

The possibility cannot be excluded that in certain cases pol)- 
neuritis develops as the result of a purely toxic damage of the nerve 
tissue; in general, however, an allergic reaction seems to be res- 
ponsible for its development, as it happens in cases of polyneuritis 
following the administration of serum. ‘A previous damage to the 
nervous system, deficiency in tlie secretion of gastric juice and in 
ancurin are factors whicli render the individual susceptible to this 
disease. IMuscular exertion may cause a latent polyneuritis to be- 
come manifest. 

Polyneuritis is a severe complication, which, as a rule, causes 
invalidity of several months duration, sometimes even for life. 
The prognosis of sulfanilamide poljmeuritis seems to be unfavou- 
rable compared with that due to other reasons. 

In order to prevent tlie development of polyneuritis, the pa- 
tient should be subjected to treatment over as short a period as 
possible and intermittent administration of the drug should be 
avoided. Methylated preparations should not be used. A patieui- 
who on tlie occasion of a previous treatment had manifested signs 
of hypersensitivity, should he desensitized previous to renevied 
chemotherapy. Sulfanilamide polyneuritis contraindicates furthe. 
chemotherapy. 
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cells is more probabty induced by proteins set free from the infecting 
tubercle bacilli (2), The increased irritability of the hypersensitive 
cell continues for several generations of such cells grown in tissue 
culture (3). An essential condition for cellular irritablity toward 
tuberculin is the presence of tuberculous tissue in the body (4) 
which again is produced both by living or dead tubercle bacilli (5). 
Hence the state of bypersensitiveness of cells from tuberculous ani- 
mals is much more complex than the simple sensitization ■with 
tuberculo-protein or tuberculo-phosphatide inasmuch as animals 
sensitized to these crystalline substances do not react with tuber- 
culin, or P. P. D., neither do they produce the Koch phenomenon 
when they are inoculated with living tubercle bacilli (6). On the 
other hand, tuberculous animals are more susceptible to heterolo- 
gous bacterial filtrates (B. coli, B. dyscnteiiae, B. hjphosnm, elc.) 
than the normal animal (7). But attempts to immunize animals 
against a virulent tuberculous infection witli tuberculin, tuberculo- 
protein or bacteria-free filtrates of tubercle bacilli have met with 
singular failure (8) even as sensitization with these substances has 
failed to produce a positive tuberculin reaction (9). A condition 
simulating a true tuberculin reaction may be produced in tuber- 
culous animals sensitized to non-baclerial proteins, such as egg 
white or horse serum and the intravenous injection of these pro- 
teins may cause the death of tuberculous animals in a condition 
simulating tuberculin shock (10). But by and large it is becoming 
increasingly evident t])at tlie processes of immunization in tuber- 
culosis are not identical wdth the processes of sensitization and that 
allergy, under no conditions, is necessary for protection in any 
stage of the disease. A considerable mass of experimental evidence 
has shown that no essential correlation exists between the degree 
of bypersensitiveness and the degree of relative immunity, either in 
man or in the lower animals, in a variety of infections, such as tuber- 
culosis, syphilis, pneumococcal, streptococcal, staphylococcal and 
Pasteurella infections (11). In commenting on these important 
recent investigations. Rich (12) emphasizes that »onfg staiemenls 
and opinions have been offered up to the present {193T) by those who 
claim that hypersensitivity is necessary for immunity.^ Perusal of the 
war-restricted medical literature which has come to our attention up 
to November 1944, rather strengthens the truth in tliat emphatic 
statement. 
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Allergy and immunity (iathergy) in experimental 

tuberculosis. 

XIII. Intradermal Spread of Vital Dye in Anergic, Allergic and 
lathergic Tuberculous Guinea Pigs. 

By 

KONRAD BIRKHAUG and EINAR BERLE. 

(SubmiUed for publiwlion, January 2, 1915). 


The study of allerg>’ and immunity in tuberculosis continues 
to pre-occupy investigators and clinicians in many countries, to 
judge from tlie considerable annual output of articles on Ibis sub- 
ject. The consensus of opinion recognizes the great value of Dte 
dermal tuberculin reactions in the modern epidemiological surveys 
for detection of tuberculous infection. But the mechanism, signi- 
ficance and clinical manifestations of allerg}’ and inmmnity in 
tuberculosis continue to baffle our comprehension. Before entering 
upon the report of our investigations on tlic intradermal spread 
of vital dye in anergic, allergic and iatbergic Inberculous guinea 
pigs, which attempts to shed light on the mechanism of the dermal 
reactions with tuberculin, a few orienting remarks on the jiresent 

knowledge of allerg}’’ and immunity in tuberculosis would not 
seem amiss. 

Today it does not seem legitimate to consider the change in the 
senatized cells of the tuberculous animal as due to an antigen- 
antibody reaction (1). Tlie altered condition of the hypersenlive 
8 — Ada med. scandinap. Vol. CXXI. 
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cells is more probably induced by proteins set free fron^ the infecting 
tubercle bacilli (2). The increased irritability of the hji^ersensitive 
cell continues for several generations of such cells grown in tissue 
culture (3). An essential condition for cellular irritablity toward 
tuberculin is the presence of tuberculous tissue in the body (4) 
which again is produced both by living or dead tubercle bacilli (5). 
Hence the state of hj'persensitiveness of cells from tuberculous ani- 
mals is much more complex than the simple sensitization with 
tuberculo-protein or tuberculo-phosphatide inasmuch as animals 
sensitized to these crystalline substances do not react wuth tuber- 
culin, or P. P. D., neither do they produce the Koch phenomenon 
when they are inoculated with living tubercle bacilli (6). On tbe 
other hand, tuberculous animals are more susceptible to heterolo- 
gous bacterial filtrates {B. coli, B. dyscnleriac, B. typhosiim, clc.) 
than the normal animal (7), But attempts to immunize animals 
against a virulent tuberculous infection with tuberculin, tuberculo- 
protein or bacteria-free filtrates of tubercle bacilli have met witli 
singular failure (8) even as sensitization with tJiese substances has 
failed to produce a positive tuberculin reaction (9). A condition 
simulating a true tuberculin reaction may be produced in tuber- 
culous animals sensitized to non-bacterial proteins, such as egg 
white or horse serum and the intravenous iiijection of these pro- 
teins may cause the death of tuberculous animals in a condition 


simulating tuberculin shock (10). But by and large it is becoming 
increasingly evident that the processes of immunization in tuber- 
culosis are not identical wdth the processes of sensitization and that 
allergy, under no conditions, is necessaiy for protection in any 
stage of the disease. A considerable mass of experimental evidence 
has shown that no essential correlation exists between the degree 
of hypersensitiveness and the degree of relative immunity, either in 
man or in the lower animals, in a variety of infections, such as tuber- 
OT osis, syphilis, pneumococcal, streptococcal, staphylococcal and 
^ infections (11). In commenting on these important 
Rich (12) emphasizes that wnhj slalcmenls 
claii/ihan up to the present (lOST) by those who 

^v’ar-restrictldTd- ' T? ** for immunity.^ Perusal of the 

to November 1944 iterature which has come to our attention up 
statement. strengthens the truth in that emphatic 



ALLERGY AND IMMUNITY (iATHERGy) IN EXPERIMENTAL TUBERCULOSIS 117 

Some confusion exists on the relationship of allergy to anaphy- 
laxis in tuberculosis. jMost investigators accept -without reserve 
that tuberculo-anaphylaxis involves a separate mechanism from 
tuberculo-allergy inasmuch as the former is a true antigen-antibody 
reaction which is amenable to passive transfer (13). The abolition 
of tuberculo-anaphylactic sensitization by specific desensitization 
has failed to remove tuberculo-allergic hypersensitiveness (14). 
But one is not always clearly oriented on the fact that the tuberculin 
skin reaction both in man and in the lower animals may show a 
combination of anajihylactic protein hypersensitiveness and tuber- 
culin specific hypcrsensitivcncss. The former manifests itself by 
immediate edema which reaches maximum size in 24 hours and 
then completely disappears without leaving any trace of tissue in- 
jury’. In excessively sensitized individuals presenting precipitins in 
the blood serum, a hemorrhagic skin reaction may appear which 
turns necrotic, with but a slight inflammatory reaction around the 
necrotic area. 'J'his reaction corresponds to the Arthus phenomenon 
in the rabbit, which species produce stronger antibody titer than 
does the guinea j)ig (l.o). The main eharacteristics of the tuberculin 
hyperscnsitivcncss, on tlie other hand, are a delayed appearance 
(48 — 72 hours), central necrosis, absence of antibodies, impos- 
sibilit}^ of passive transfer, and always dependent on the presence 
of tuberculoxis tissue somewhere in tlie body. The tuberculous tissue, 
however, is not tlie direct source of the h 3 ^persensitive state nor of 
the increased antibody production which is responsible for the 
anaphylactic irritability inasmuch as when the antigen is injected 
dircctlj' into the tuberculous tissue, it leaves this and produces 
the effect elsewhere in the body(lG). On account of the concur- 
rent anaph 3 daclic dermal reaction it is advisable never to read the 
tuberculin reaction before 48 hours have elapsed after the skin test 
was made in order to avoid confusing the protein reaction with 
the true and specific allergic reaction (17). 

'I'lic mechanism by which tuberculin is retained within a strictly 
limited area of the skin in man or the lower animals. infected -noth 
tubercle bacilli has been investigated extensively without any 
definite solution of the problem. Lurie (18) has shown that tubercu- 
lous animals display a ])rotective capacity of restricting the spread 
of foreign materials such as agar and India ink, a feature which is 
lacking in the normal animal. In his important investigations on 
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tlie Arthus phenomenon, Opie (19) has shoA\m that foreign proteins, 
such as crystalline egg albumin and horse serum, injected intraderm- 
ally in rabbits sensitized to these, are localized at the point of in- 
jection and fail to enter the circulation. The subsequent dermal 
reactions are correlated with the antibody titer. Freund, Laidlaw 
and iMansfield (20) have shown that the sensitivity of tuberculous 
animals is unlike the Arthus phenomen investigated by Opie be- 
cause when the tuberculin dermal reaction disappears, the com- 
plement-fixing antibody titer remains intact. Bordet (21) and 
Freund (22) have extensively showm that BGC-immunized and 
tuberculous animals are both more susceptible to heterologous bac- 
terial filtrates than normal animals. 

What is apparently true of the altered skin condition of tuber- 
culous animals toward specific and non-specific foreign material, 
holds also good for the viscera of tuberculous animals. Thus, Krause 
and Willis (23) have shown that if excised lymph nodes draining 
the site of inoculation of a normal animal are injected into other 
normal guinea pigs, the tubercle bacilli reach these nodes within 
24 hours while in the reinfected animal it requires 2 to 3 w’eeks for 
the bacilli to reach these nodes. Boquet and Laporte (24), Dahl (25) 
and Birkhaug (26) have confirmed these observations of the pro- 
tective barrier establislied in tuberculous animals against the 
spread of re-infecting bacilli. But Willis (27), Rich and McCordock 
(28), Siegl (29), Selter (30), Cummings and Delahant (31), Wilson, 
Schwahacher and Maier (32) and Birkhaug (26) have shown that 
mechanical obstruction to the spread of tubercle bacilli in the 
tuberculous animal is not dependent on the state of allergic hyper- 
sensitiveness inasmuch as it operates equally Avell in the desensiti-, 
zed organism. These investigations Avere carried one step further 
when Corper, Cohn, Damerow and Bower (33) and Birkhaug (34) 
Averc able to demonstrate the experimental separabilit}'^ of anaphy- 
laxis, allergj'’ and immunity in tuberculosis and Avhen Birkhaug (35) 
succeeded in producing these three biological states in one and the 
same tuberculous animal and subsequently eliminated both the 
anaphylactic and allergic sensitizations Avithout removing the rela- 
tively immune state. These observations justify the supposition 
that the altered condition in the Auscera and the skin of tuberculous 
animals vith respect to specific and non-specific foreign material 
is dependent on infection Awth tubercle bacilli but not necessarily 
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Materials and methods. 

Three groups of normal guinea pigs, each consisting of 11 ani- 
mals, "weighing on tlie average 436 standard de\dation 54.29 gms, 
■were employed in the first series of experiments (Table 1). All these 
animals reacted negatively "with 10 mg tuberculin injected intra- 
cutaneously. The group called Normal-Anergic was not infected 
with tubercle bacilli and retained only as normal controls. The 
group called Tuberculous Desensitized and Tuberculous Allergic 
were both inoculated subcutaneously in the left thigh with 0.000.1 
m.g "virulebt human tubercle bacilli (»Tuxen»). By serial Lowen- 
stein cultures this dose was found to contain approximately 19,000 
^^able tubercle bacilli (individual colonies). In a previous virulence 
determination experiment this dose killed 6 guinea pigs of the same 
age and ^veigbt in 122 standard deviation 38.14 days vith genera- 
lized tuberculosis. The three animal groups were held under iden- 
tical living conditions during the entire experiment. The group 
called Tuberculous Desensitized were injected subcutaneously 
with 100 mg crude tuberculin thrice weekly (every Tuesday, 
Thursday and Saturday) in order to render them as completely 
anergic as possible during the entire experiment. Tlie control 
of this anergic state was made "with 10 mg tuberculin intracutane- 
ously every two Aveeks. When after 6 Aveeks AA'e observed a sliglit 
erythema and induration (average 42 standard deviation 6.12 
mm®) 48 hours after the test Avas made, Ave increased the desensi- 
tizing dose to 200 mg crude tuberculin thrice Aveekly, without 
unduly compromising the general health of the animals. 

Exactly ten Aveeks after the Aurulent inoculation, Ave re-tested 
all the 33 aninrals in the three gi’oups Avith 10 mg tuberculin intra- 
cutaneously. As indicated in Table 1 aa’c found 48 hours after- 
Avards that the Normal Anergic group gave negative reactions, the 
Tuberculous Desensitized group gaAm 37 standard deviation 18 
mm® erjTliema and induration (nearly completely desensitized) 
Avhile the Tuberculous Allergic group reacted Avitli 845 standard 
deviation 181 mm® erythema and induration plus 123 standard de- 
viation 41 mm® central necrosis. The condition of the skin aa'US then 
found to be ideal for the testing of the diffusion of vital dye in the 
three groups of animals. 
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We are greatly indebted to Dr. Philip D. Mci\Iasicr at the 
feller Institute for Medical Research for supplying us Ysatb 20 
grams of purified ponlamine sky blue dye and two of the De^Yl t 
and Herz syringes used by Dr. Florence R. Sabin in her experi- 
ments (38) as well as a good supply of B—D needles No. 19 and 
Bishop needles No. 29. The dye had been dialyzed in running water 
until free from salts. On the advise of Dr. McMastcr we made up 
very small amounts of a 2.16 percent dye in Tyrodc’s solution which 
strength is isotonic with blood. Joyner and Sabin made use of a 2.5 
percent d\’e which was »approximately isotonic solution. » 

Because of the great variability in the thickness of the fibrous 
layers of the dermis in the dorsal, lateral and ventral zones of the 
guinea pig, we made only use of the ventral area in all the subse- 
quent dye injections. The hair was clipped with an electric clipi>ing 
machine and then epilated with an aqueous mixture of barium 
sulphide and Avheat flour and thereafter the skin was washed 
thoroughly in running lukewarm water. The dye injections took 
place the following day. The ventral zone was dirnded into four 
quadrants. Into the center of each was injected as close as possible 
0.025 ml of the dye intradermally and always under the dissecting 
microscope in bright light. The plunger of the Dewitt and Herz 
syringe was lightly greased with »Lubriseal» and with and adjust- 
able nut on the threaded plunger wc trained ourselvc.s to inject as 
snmll a quantity as 0.001 ml of Ibc 2.16 percent dye intradermally 
and under oil with reasonable accuracy. Tlie needle was brought 
a distance of aliout 2 mm just beneath the epidermis and the dye 
vas injected verj' slowly and under gentle pressure during one 
minute. Another minute was allowed to elapse before the needle 
was withdrawn and in this manner the bacMlow of dye was mini- 
mal. This technique was strictly followed throng], out Urn followiim 
experiments. 


Results. 

The 0.025 ml dye forms a small bid) at the silc of inject ion. Tin 
uperfmal lymphatics arc filled immediately and even iindor llu 
miecfon one observes the dye r„.mi„s Itaongi, the largo lyl 
t.s in long slreamcrs rvbieb penetrate into L s„beutm:eo.7 
xns. the guinea p.g the lymphatie tranks from the snbcntancom 
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Chari 1. N 1 and N 4: normal anergic guinea pig, and D 1 and D **: 

Ions desensitized guinea pig, respectively one and four hours '"1 ‘ 

cutaneous injection of 0.025 ml .Pontamine Sky BIue» vital dye m 4 separate 

areas. 

plexus penetrate the panniculus carnosus muscle only opposite the 
regional lymph nodes (38). Besides the intralymphatic drainage of 
the dye, one observes a slow diffusion of the dye into the tissues 
surrounding the b’eb which at the moment the injection was fi 
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ly and could readily be measured. Like Joyner and Sabin (38) 
we found that measurements taken at intervals of 1 hour, 4 hours 
and 24 hours were adequate for purposes of comparison of the rate 
of spread of the dye in the various groups of animals. Charts 1 and 2 
illustrate the spread of dye in the skin of normal and tuberculous 
animals after 1 and 4 hours. In the normal anergic, tuberculous 
desensitized and the BCG tuberculous desensitized guinea, pigs 
the diffusion of dye became so extensive after 4 liours that the peri- 
phery of the faint blue zone made exact measurements rather dif- 
ficult in contrast with the sharply delimited and distinct border of 
diffused area in the skin of the tuberculous allergic guinea pigs. 
Twenty-four hours after the injection of the dye, the borders of the 
diffused areas were still distinct in the allergic animals while the 
indistinctness of the faint blue peripheries of the diffused areas in 
the. normal anergic and desensitized tuberculous animals made mea- 
surements extremely difficult. At this time all the mucous mem- 
branes in the latter animals were stained blue while this was not 
the case with the tuberculous allergic guinea pigs. 

The diagonal measurements of the area of spread of the dye 
were made with a pair of callipers. These data are given in Table 1. 
We observe that no essential differences obtain between the measu- 
rements in the normal anergic and tuberculous desensitized guinea 
pigs in 1 hour, 4 hours and 24 hours after injection of the dye. 
The differences in the rate of spread were in no instance statistically 
significant between these two groups. But the rate of spread of the 
dye in the tuberculous allergic group was less than half that of the 
normal anergic and tuberculous desensitized guinea pigs in 1 hour, 
4 hours and 24 hours after the injection of the dye. In every instance 
was this retarded spread of dye in the tuberculous allergic animals 
statistically significant from the simultaneous readings made in the 
normal anergic and tuberculous desensitized animals. 

It was of interest to know if the immunization with BCG pre- 
vious to the superinfection with virulent human tubercle bacilli on 
the one hand and desensitization of similarly treated animals on 
the other hand would alter the rate of spread of dye in the skin. 
Our second series of 40 normal and tuberculin negative guinea pigs 
weighed approximatety the same as the first series, 453 standard, 
deviation 42.8 gms. Ten animals were retained as normal anergic 
controls without any treatment whatsoever except tlie injections 





Time interval 

1 

Normal-Anergic 

Tuberc. Dcsensitiz. 

Tuberc. xMlergic 

Mean 

Standard 

deviation 

Mean 

.. 

St.andard 

deviation 

Mean 

Standard 

rtcvialion 

1 Hour ... 
4 Hours ... 

24 » 

Sg. mm. 
52C 

918 

. 1C96 

91 

GS 

2G3 

Sg. mm. 
439 

920 

1573 

171 

12G 

3G2 

Sq. mm. 
233 

425 

095 

82 

8G 

119 



Tested with 1 
nut tuberculin 

0 

0 

0 

14 

13.G 

892 

272 

Probahililij 


1 Hour 

4 Houi-s 

24 Hour.*; 

Groups 

t 

P 

t 

P 

1 

P 

1 vs 2 

1 » 3 
2*3 

1.492 

8.133 

3.614 

0.27 

< (iMJ 

< 0.001 

0.04G 

14.992 

10.734 

0.90 
< 0.001 
< O.ODl 

1.279 

12.500 

7.G52 

0.25 

I <.0.001 

1 <i),nnj 


with dye simultaneously with the remaining animals. Another 
group of 20 animals were inoculated intradermally on the dorsum 
with 2 mg Imng BCG on 3 occasions with one week’s interval. 
Half of these BCG-vaccinaled animals was immediately submitted 
to tlie same desensitizing regimen as the first scric.s, namely 100 
mg crude tuberculin injected subcutaneously thrice weekly. Two 
months later^ the desensitized group reacted wholly negative 
uith 10 mg tuberculin injected intvacntaneomsly while the oilier 
10 non-desensitized and BCG-vaccinalcd animals reacted with 961 
standard delation 178.16 mm^ induration and 52 .standard devia- 
tion 18.14 mm2 central necrosis with the same dose of tiibcrcnlin. 
At this time we injected tlie BCG-immunized guinea pigs, plus a 
fourth group of 10 normal guinea pigs, witli 0.000 1 mg \nruleul 
Iniman tubercle bacilli (oTuxen))) in the left tliigh. The course of 
desensitization witli tuberculin continued for the BCG-iubprcnlous- 
desensitized group. Eight weeks after the virulent supcrinfection. 
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Table 2. 

Diffusion of Vital Dije in the Skin of (J) Normal, Anergic, (2) J3CG- 
Immunizeil, Tuberculous, Desensitized, (3) BCG-Jmmunized, Tuberculous, Aller- 
gic and (<#) Tuberculous, Allergic Guinea Pigs. 


Ten Animals in each Group and each Animal iiijecled Ventrally in Four sepa- 
rate Areas with 0.025 ml ot a 2 Percent »Pontaminc Sky Bliio Dye 


Time interval 

1 

Normal, 

Anergic 


3 

BCG, Tuberc. 
All. 

4 

Tubcrc. 

Allergic 

Mean 

Standard 

deviation 

c 

cs 

o 

r2 

Standard 

deviation 

Mean 

•H n 
5 > 

^ C) 
t/5 

5 

o 

Standard 

dcvlnUon 

1 Hour 

Sq. mm. 
440 

73 

Sq. mm. 
455 

142 

Sq. mm. 
201 

101 

Sq. mm. 
221 

48 

4 Hours 

1057 

76 

1075 

251 

023 

223 

697 

160 

24 » 

1704 

312 

1623 

387 

1010 

284 

1025 

125 

Tested with 10 









mg tuberculin 

0 

0 

37 

18 

845 

181 

88G 

2GS 


Probability. 


Animal 

Groups 

1 Hour 

4 Hours 

24 Hours 

t 

P 

t 

P 

t 

1 

P 

1 versus 

2 

1.482 

1 

0.217 

\ 

\ 0.445 


2.020 

n 

1 » 

3 

12.083 

< 0.001 

11.489 


11.250 


1 » 

4 

15.552 

< 0.001 

12.001 


14.130 


2 » 

3 

16.200 

< 0.001 

8.460 


7.920 


2 t) 

4 

20.250 

< 0.001 

7.650 


7.155 


3 » 

4 

1.125 

0.2G0 

1.638 


1.200 

■HI 


tlie thrice tveekly desensitizing dose was increased front 100 to 150 
mg tuberculin. When all the four groups of animals were tested 
intracutaneously with 10 mg tuberculin 12 weeks after the tarulcnt 
superinfection, we observed 48 hours later no reactions in the nor- 
mal-anergic group, 37 standard deviation 18 mm” induration in tlie 
BCG-tuberculous-desensitized group, 845 standard detiation 181 
mm2 induration in the BCG-tuberculous group and 886 standard 
detoation 268 mm^ induration in the tuberculous-allergic group. 
Thus, we had obtained the degree of anergy and allergy necessar}' 
for comparative study of the rate of spread of the vital dye. 

In Table 2 we observ^e practically no difference in the rate of 
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spread of the dye in the skin of normal-anergic and BCG-immunized- 
tiiherculous-desensitized guinea pigs in 1 hour, 4 hours and 24 
liours after injection of the dye. Tlie differences between the two 
groups fail to show any statistical significance. Again we observe a 
considerable restriction in the rate of spread of the dye in the skin 
of the tuberculous-allergic group. This retarded rate of spread is in 
every instance so low that it differs significantly from the rates 
recorded in the normal-anergic and BCG-immunized-tuberculous- 
desensitized guinea pigs. However, the retarded rate of spread of 
the dye in the skin of the tuberculous-allergic guinea pigs presents 
no statistically significant deviations from the rate recorded for the 
BCG-immunized-tuberculous-allergic guinea pigs. 

A careful scrutiny of the data on the rate of spread of the dye 
and the degree of induration and erythema in the tuberculin reac- 
tion with 10 mg tuberculin failed to establish any statistically sig- 
nificant differences in the two sets of measurements in the tubercu- 
lous-allergic guinea pigs. 

Four cachectic and moribund tuberculous guinea pigs which 
gave entirely negative skin reactions with 10 mg tuberculin injected 
intracutaneously, ivere subjected to 2 ventral injections with 
0.025 ml dj^e. Table 3 shows the same pattern of diffusion rate in 
every one of these animals although considerable variations occur 
within the group. By and large, we observe that the rate of spread 
compares well w ith that seen in the normal-anergic and tuberculous- 
desensitized inclusive the BCG-immunized-tuberculous-desensi- 
tized animals. 


Table 3. 

Diffusion of T dal Dije in (he Skin of Moribund and Anergic Tuberculous Guinea 

Pigs 

Four Animals inject ed Ventrally in Tivo Separate Areas with 0.025 ml of a 


Animals 

1 Hour 

4 Hours 

24 Hours 

K 19 .... 
K 21 .... 
K 22 .... 
K 23 .... 

Sq. mm. 
394 

350 

51G 

416 

Sq. mm. 
416 

402 

484 

496 

Sq. mm. 
920 

760 

748 

• 924 

Sq. mm. 
855 

, '608 . 
680 

918 

Sq. mm. 
1380 
1440 
1152 

1564 

Sq. mm. 
1416 
1476 
1311 
1418 

Mean 

. 801.7 iqq 

4.7 
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Discussion. 

Wc liave already called attention to the heightened non-speci- 
fic irritability of hypersensitive cells, particularly in experimental 
tuberculosis. It is Avell-known that allergic inflammation brings 
to the site wth greater readiness and in greater amounts all the 
elements of an inflammatory’ exudate, including antibodies, fibrin, 
granulocytes, macrophages and cosinophiles. These processes fix 
foreign proteins, bacterial products, and bacteria themselves at the 
site of inflamtnation, so that their penetration into the blood stream 
is jmevcnled (40). It is not unlikely that the described altered 
condition of the skin in allergic animals which causes restriction 
of the spread of the non-s])ecific vital dye, pontaniine sky blue, 
may not eventually be linked up with the mechanism also pos- 
sessed by allergic animals to concentrate and localize tuberculin 
either culaneously in the Pirquet test or intracutaneously in the 
Manloux test. Tlic clinical parallel to the fixation of tuberculin in 
hypersensitive cells is the »flare-up tuberculin reactions)) seen in 
diphtheria, scarlatina, morbilli, typhus, syphilis, etc. (41) where 
a temporary’ anergy’ supervenes on the acute infection. As soon 
as convalescence sets in, a »flare-up)> occurs in the sites where the 
tuberculin test Avas made during the anergic phase. This altered 
condition of hypersensitive cells to concentrate and localize the 
specific substance tuberculin extends also to the nonspecific dye, 
pojilamine sky blue, which Joyner and Sabin (38) and we have 
showm remains fixed to a strictly delimited area of connective 
tissue during 24 hours, without diffusing into the vascular tissues. 
These observations permit us to suppose that some general factor 
operates besides the specific factors which concentrate and localize 
foreign material in the hypersensitive tissue. In the non-immuni- 
zed or immunized tuberculous animals which have been nearly or 
completely desensitized with tuberculin, we observed a normal and 
rapid spread of the intradermally injected vital dye through the 
connective tissue spaces, lymphatics and the larger blood vessels. 
Within 30 hours the stain had penetrated all the skin, mucous and 
serous membranes and the aqueous humor. Thus the lack of paral- 
lelism between allergic hypersensitivity and acquired immunity, 
as stressed in the introductory remarks of this paper, exists also in 
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regards to the spread o£ dye in the allergic and ialhcrgic (descnsi- 

tized-immune) tuberculous animals. v 

No satisfactory^ explanation can be forinnlalcd about In 
demonstrable change in the. permeability of the endothelmin in 
the lymphatics in allergically hypersensitive animals. The discus- 
sion appended to the paper by Joyner and Sabin (38) on this sub- 
ject is quite suggestive but inconclusive. Our immediate interest 
centers on the demonstration by a wholly non-spccU ic dye that allergic 
hypersensitiveness can be completely abolished from immunized 
tuberculous guinea pigs and that agreement thus exists between 
the results of the tuberculin test reaction and the xntal dye diffu- 
sion. From our observations we may conclude that the iiitradcr- 
mal spread of isotonic mtal dye is somewhat inversely proportio- 
nate to the intensity of the local tuberculin reaction, even as Se- 
wall, de Savitsch and Butler (42) have concluded that host-immu- 
nity is inversety proportionate to the intensity’ of the local allergic 
reaction. This latter conclusion was already formulated by Cal- 
mette (43) in 1927 and by Boquet (44) in 1932 and has been ade- 
quately confirmed by our extensive studies in iathergic immunity 
in experimental tuberculosis. 


Conclusions. 

1. The skin of allergic tuberculous guinea pigs displays a restric- 
ting influence on the spread of a non-specific and isotonic \ital 
dye, pontamine sky blue and the intralymphatic drainage of the 
dye IS significantly slower than in the normal or moribund anergic 
tuberculous guinea pig. 

2. The skin of non-iimnunizcd or immunized tuberculous gui- 
nea pigs, which have been desensitized during immunization and 
infection, displays no restriction to the spread of the dye and in 
this respect simulate the skin of normal animals. 

3. A comparative study of the extent of the dermal tuberculin 

sSedla W ^ .'ind dcaen- 

tatensitv rfT guinea pigs shosvs U.at the 

- --ersely proportionate to 
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When a patient seeks medical advice for intermittent claudica- 
tion the history of the complaint is usually so distinctive that 
there need be no hesitation regarding the diagnosis. In the large 
majority of these cases it is possible also to detect objective signs 
of changes in the vessels of the leg. Cases are undoubtedly encoun- 
tered^ however, wliere no structural damage can be established 
[Lindqvist, (1)]. In this paper we are presenting a case of inter- 
mittent claudication in which the syndrome was apparently due 
not to structural changes in the arteries but to an etiologic factor 
of a more uncommon kind. 


Cose report, 

B. B. A captain, born in 1893. Since his childhood he had been in- 
clined to have pale cold hands in cold weather. In other respects he had 
been quite healthy until the present symptoms appeared. In September 
1940 his knees had begun to swell a little, especially after exertion. At 
about the same time he began to experience pains in the lower legs when he 
walked. This discomfort gradually became worse until finally he was on y 
able to walk a few hundred metres before having to stop on account of t m 
fnlepse p.ajm After resting for a while he was able to continue. IVhen le 
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ion also changed. He had previou.sly been at. fi"P 
... n. l^ornminc over more fatigued. He was losing a i 


ovcrslraiiicd his arms he soon 
arms, llorc or less sii 
his menial condition 
vital man, but now he was 
initialiv 
chilled 
cnlty 

The pains in his legs became so Ironblosome that he was nnabh. ... . ^... 
linuehis service as an army captain, and on July 21. Ih tl . he was admitted 

to the second medical clinic of Sahlgren’s Hospital. 

The routine examination of the lungs, heart, abdomen, blood, and urine 
revealed nothing of interest. The blood pressure varied between t-lQ/'JO 
and lGO/100 nun. Hg. Both knees were .‘.lightly swollen. His feel were cold 
and the dorsalis pedis artery was impalpable on both sides. 

Chiefly because of bis sluggish and apathetic hcliavionr, and an extra- 
ordinary alteration in his voice, it was suspected that he might have hypo- 
thyreosis. On Jidy 30, 1911, the hasal metabolic rate was found to. be 
minus 30 per cent, and at a control five days later it was minus 37 per cent. 

He was given thyroid treatment and an improvement was noted almost 
immediately. He hogan to feel livelier and .slrongi'r. Simultaneously with 
this improvement in his general condition we were surprised 1 .t find that 
the pains in the logs also began to disappear. By Aug. 22, JOll, he 
was able lo run 130 moires wilboul experiencing any pain at all in the cal- 
ves. He was soon able to lake up his military career again, and towards Ihn 
end of 1941 he look part in cross-country marcbes of uj) to 30 kiloinelre.s 
at a lime without discomfort. Since then he has fell perfectly well so long 
as he kept up the thyroid treatment. Sometimes, however, be neglected 
his treatment, and he then liad a sensation of .slight prcs.suro over the calves 
during exercise. 

No particular allenlion was paid lo the condition of the perijilieral 
arteries while hcAvas in hospital, beyond what has already been mentioned, 
namely, that the dorsalis pedis artery could not be palpated on eillier side’ 
At an examination at the beginning of Oclol.er 1911, however, the ruike 
was palpated in all Hie normal places on the leg. An oscillonmlric oxami- 
nation earned out with a Recklinghausen apparatus gave tracings reaching 
about 50 mm from both calves. After exerci.se. the tracings increased in a 

normal manner [LindqvKst, (2)]. len ui in .1 

Measurements of the skin lemperaluro in the toes, with a raised bodv 
temperature, carried out at the same lime using a method describe, r i 

er publications by one of the present authors [Lindqvist (1 3)1 showed 
that when once tlie temperature liad begun to ri e in L toesi. L , 
at a rapid rate, an elevation of abon, r ? ^ proceeded 
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Fig. 1. Tlie skin temperature in the terminal plialanx of tlie big toes. Before 
the recordings -were begun the patient had been sitting valh both his feel 
in water with a temperature of 15“ C. At the point | his trunk and thigiis 
were immersed in a bath of water having a temperature of 40° C, with his 
feet and lower legs outside the bath tub. At ^ the temperature was raised 
to 43° C. Temperature in the room, 15“ C. Rj = right big toe. Lj= left big toe. 


Discussion. 

When this patient complained of severe intermittent claudica- 
tion his symptoms vvere so typical that it seemed obvious, at first, 
that structural disease of the arteries lay at the root of his discom- 
fort. Added support for this assumption was provided by the fact 
that the pulses in the foot could not be palpated, a sign which, ever 
since the time of Erb (4), has always been taken to be the typical 
feature in intermittent claudication arising from structural arterial 
changes. It vvas only ivhen the pains in his legs disappeared under 
the influence of the thyroid treatment that we began to wonder 
whether the intermittent claudication symptoms were due solely 
to his low basal metabolism or w’hether in addition there had exis- 
ted structural changes in the arteries and a consequent decrease xn 
the arterial circulation. 



«m. »r.v.nK ,»T.:„n.T,.T oc. ISr. 

M iho oscilloniclric cxaminnlion on the enU, carried out after 

calt couW im-c been impnirc.l. (Cf. Ralschovv (5). 1 b.UpP><>« W. 

ui’'sWn leinpcvaluvc in 11, e toes nas mensnred il vvns 
found that when all arterial spasm had relaxed the blood floNs in lu 
superficial vessels of the legs was normal. Such a rapid rise in the 
tempcralurc as occurred in this case is never observed in patients 
in whom the arterial blood channels are obstructed, ^^hen the 
vessels are abnormally naiTOwed the cnr\’c relative to the tempe- 
rature rise has an entirely different appearance, the upward trend 


being much more gradual. 

Even without an artcriographic examination, therefore (for 
certain external reasons this could not be undertaken), wc con- 
sidered ourselves justified in concluding that llierc wore no obstruc- 
tive changes in the arteries that could have contributed towards 
producing intennilleul claudication. 

What then could the cause of this symptom have been? .\s it 
was not connected with structural disease of the arteries there is 
every reason for supposing that the genetic factor must have hail 
something to do with his low basal melaliolism. 

In all probability, intermittent claudication is nKva\‘s to be 
regarded as a sign of an impaired blood flow arising in conneclion 


with exercise [cf. Lewis, Pickering and Rothschild (7); Lewis (8)). 
\\ e have found no mention in the literature of special invesligatious 
on the blood supply to the muscles in myxoedema. Tiic pale cold 
skin observed in hypothyreosis is a sign of a poor circulation in the 
skin. There is no. justification, however, for assuming categorically 
that because of this fact the supply of blood to the muscles is also 
poor [Grant and Pearson (9); Friecllandcr, Silliert and Rienuan (10)1. 
As various investigators have proved. Jiowevcr, that the circulation 
m the peripheral vessels is lowered in general in hypothyreosis 
[ ewar Deilriclc and Crane (11); Wcr.lcr and Roger (12)1, one feels 
fairiy safe m concluding that tlm blood flow to the muscles must 
‘ -0 be unpaired in this disease. This must mean that Die arteries 
a certain state of conlraction. From <,bser^.alion^n;a^in 
Raynaud s disease, as well as in other forms of arterial stms,n 
now that when arteries have attained a certain degree of contrn'ti 
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lion they do not respond as readily as they do normally to vaso- 
dilative stimulation. A mechanism of this kind may have been in 
question in the present case. This seems a more likely explanation 
than to assume that an arterial spasm of a similar type to that 
described in connection with another case [Lindqvist (1)] had 
arisen during exercise. Wezler (13) has demonstrated, however, 
that under certain circumstances drugs can have the opposite effect 
on vessels in patients with myxoedema compared to that in 
normal persons. In this way, a spasm might also arise. 

The opinion advanced by Zondek (14), tiiat the vasomotor 
centre would seem to be »dead)) in myxoedema and that patients 
suffering from this disease )>seem to lose their power of adapting the 
volume of circulating blood to their varjdng needs» (15, p. 186), 
certainly fits in well with the above arguments, but the experimen- 
tal conditions upon Avhich he based his conclusion were defective, 
and Ave are therefore unAvilling to accept it as an explanation. 

As far as Ave can find, there has been no previous description, 
either in the literature on intermittent claudication or in that on 
hypothyreosis, of a case similar to that presented in this paper. As 
an endeaAmur has been made to explain the patient’s pains on the 
basis of his Ioav rale of basal metabolism one cannot help Avondering 
also Avhy the same symptoms are not met A\'ith in all cases of severe 
hypothyreosis. 

We are unable to supply a definite anSAver to this question but 
the following explanation seems to be feasible. As hypothyreosis 
develops in a patient he becomes more and more inactive and he 
consequently avoids all unnecessary muscular exertion. The pati- 
ent described here was unable to spare his muscles OAving to his 
military activities, and the loAvering of his functional capacity 
therefore made itself more apparent than it Avould have done in a 
person able to make his OAvn decisions as to his bodily movements. 

Thus, the explanation of the patient’s pains is hypothetical, but 
it seems undeniable that his Ioav basal metabolism Avas the cause of 
his intermittent claudication symptoms. It may be useful to remem- 
ber this possible explanation of intermittent claudication Avhen 
dealing Avith cases Avhere the symptoms can not be set doAvn vith 
certainty to structural disease of the arteries. 
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Summary. 

The authors describe a patient Avith inlermitlcnl ciaudicalton 
Avho was also suffering from severe hypolhyreosis. The former con* 
dition disappeared after thyroid treatment. Ko signs of .stnictnra! 
changes in the arteries could be discovered and it thus seeined as 
though the low rate of basal metabolism was the only explanation. 
A possible mechanism to account for the appearance of intermit- 
tent claudication is discussed. 
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Investigations into the Acute Infections of the 
Upper Respiratory Tract. 

III. Studies of the influenza virus and concomitant infections 
during the winter and spring of 1944. ^ 


By 

GUNNAR LOFSTR6M. 
(Submitted for publication Februarj' G, 1045). 


In previous papers ( 4 , 8 ) studies were reported on tlie bacterial 
infcction.s of the upper respiratory tract and acute pneumonia. 
The pneumococcal infection was investigated from the epidemio- 
logic point of view particularly. The circumstances of the pneu- 
mococcic infection were interpreted as follows. 

In closed population groups, c.g. in a military barrack, acute 
pneumonia constitutes tlie most serious manifestation of an epi- 
demic of acute infections of the respiratory tract. The occurrence 
of pneumonia coincides with the climax of the epidemic but most 
cases of pneumonia generally occur during its regression. All types 
of pneumococci may be contagious and spread epidemically under 
favourable circumstances. They are not particularly contagious 
for healthy individuals. A primary pneumococcus infection gives 
rise to a catarrhal infection but does not cause acute pneumonia. 
In most cases the bacterial infection is preceeded by a virus disease. 

^ These investigations arc aided by a grant from A. B. Astra, Sodertalje, 
Sweden. 
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Investigations in 1944. 

The occurrence of the influenza virus during the winter and 
spring of 1944 was studied in eases of catarrhal infections in a 
StocWiohn regiment, special attention being paid to the relation 
between the virus and bacterial infections. 

Scope. Conscripts with acute infection of the respiratory tract 
and with a temperature of at least 38 C were studied. Patients 
with symptoms of influenza were made to gargle with about 20 ml. 
of 10 per .cent serum broth. In every ease throat swabs were taken 
for bacterial examination and blood samples were taken for sero- 
logic examination. A second swab test was made the day after the 
first lest and further tests as needed. The blood tests were repealed 
every ten days. The serum samples of each case in which bacteria 
were found in the troat tests were examined for the presence of 
antibodies against the bacteria found. All scrum samples were 
further examined for the presence of antistreptolysin and anti- 
bodies against influenza virus A and B. 153 patients were exami- 
ned. 


Methods. 


Gargling jluUl. Inoculation experiments were made, as a rule, 
within a couple of hours after taking the samples. If this was not 
possible, the samples were kept in a cold cabinet, containing car- 
bonic acid ice, at a tempcralnre of — 7G C. Before inoculation the 


gargling fluid was ccnlrifuged, the sediment was ground with 
(luarlz sand and again mixed aviUi the supcrnalant fluid. After 
rcpealed short centrifugation 1—2 ml of tlic supernatant fluid was 
inoculated into a ferret inlranasally under light ether anesthesia. 


Tiie temperature of the ferret was taken morning and evening. If 
tiic inoculation took, as shown by rise of temperature on the se- 
cond or third day, nasal catarrh and poor general condition, the 
animal was killed on the tliird day. The nasal mucous membrane 
and the nasal lurbinals were removed and ground with quartz sand 
in 10 per cent serum broth to make an approximately 20 per cent 
suspension. After short centrifugation the supernatant fluid was 
inoculated into a new ferret. 

If this ferret became infected it was treated in the same way 
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and after Seitz filtration the nasal mucous membrane suspension 
was injected into a hen’s egg according to Burnet’s method (2). 

Gargling fluid was likewise inoculated directly into eggs after 
Seitz filtration. 

Attempts were made to transfer the virus to mice, both with 
nasal mucous membrane suspension from a ferret, and directly 
with gargling fluid. Six mice were inoculated intranasally under 
light ether anesthesia. They w'ere killed on the fourth day, and 
further passages were effected with suspensions of the lung tissue, 
although the latter failed to show any changes characteristic of 
virus pneumonia. If there were still no typical pulmonary changes 
by the sixth passage, the result was regarded as negative. 

Throat swabs. The throat swabs were put into 1 per cent dextrose 
ascitic broth. After 6 hours’ groAvth at 37 C the culture was streaked 
on a blood agar plate and a mouse was injected intra-peritoneally. 
The blood plate was examined the next day for the presence of 
hemolytic streptococci and Hemophilus influenzae. The type of 
streptococci was determined by Griffiths method (5). Cultures 
were made from the heart blood of the mice that died within 10 
days on ascitic broth and a blood agar plate. The broth culture was 
examined according to Neufeld’s method. The types of pneumo- 
cocci were determined, insofar as the necessary factor sera were 
available, according to Kauffmann’s and his associates’ type scheme 
as published by Morch (9). 

Serologic investigations. Antibodies against the influenza virus 
A and B Avere determined by means of the complement fixation 
test according to Nigg, Crowley and Wilson (,10). Virus-containing 
chorioallantoic fluid from virus-infected hen’s eggs was used for 
the antigen. Between the experiments it w^as stored at — 76 C 
Virus A was a PR8 strain, obtained from Dr S. Schmidt, of- the 
Danish State Serum Institute. The virus B strain had been procured 
from Dr Andrewes, of the National Institute for Medical Research, 
England. 

Agglutinins against streptococci were determined by slide agglu- 
tination. The serum dilutions were made in physiologic saline 
solution mixed with 20 per cent horse serum. 

The antistreptolysin litre was determined according to the 
method of Ipsen (6). 
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Anlibodks agmnsf pneumococci were dcicrniined according lo a 
previously described slide-agglutination method {/). 

Agglulinins against Hemophilus influenzae were detci mined bj 
the same method as the streptococcal agglutinins. 


Results of the virus investigations. 

11 was not possible with any certainty to prove the presence of 
virus in anv of the gargling fluids. Only a few ferrets were available 
and the inoculation.s Averc made on a limited .scale. Gargling fluids 
from nine cases Avhicb in eight cases serologically jiroved lo be 
influenza A were tested. Three ferrets were used, two of them being 
inoculated Avith samples from four pooled gargling s[)ecimens (no:s 
92, 96, 99, 100 in one sample and no:s 105, 106, 107, lOS in the 
other) and the. third with a sample from one case (no 128). The 
three ferrets displaj'cd similar symptoms. The first passage caused 
a slight rise of temperature on the third day, but no other sym- 
ptoms. The second passage led to more pronounced symptoms, a 
moderately high temperature being already registered on the 
second day. The animals also got nasal catarrh and the general stale 
of health Avas affected, but there Avere no pulmonary changes. 
Subsequent pa.ssages, on the other hand, yielded poorer results. 
Attempts to effeet transmission lo eggs and mice did not succeed 
in a single case. Mere it should be remembered that British Avorkers 
(1) did not succeed in Iran.sferring strains lo eggs or mice from the 
epidemic that swept over England in November and December 
1943. It is possible that the SAvedisb epidemic in April 1944 was a 
direct continuation of the English influenza epidemic, whichmighl 
have reached Sweden via America, Italy, Germany and Denmark. 


Results of the bacterioldgic examinations. 

The bacteriologic findings arc shoAvn in Table 1. Only cases 
AvhichAvere examined at least twice during the disease have been 
recorded. 

The table sIioavs that streptococci, pneumococci and Hemo- 
philus influenzae Avere present in 117 out of the 153 cases examined 
either separately or in combination. On the Avhole it may be slated 
that the various types of pneumococci occurred Avilh the same^re 
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Table 1. 

'I'lic occurrence of various types of bacteria and of antibodies against virus 
and bacteria in tests taken from men of a Stockholm regiment hospitalized 
during the period lllh January — 8th May, 1914 for acute infection of the 

respiratory tract. 

PI =: Pneumococcus type 1, SI = Streptococcus type 1, Ssp = spontaneously 
agglutinating streptococci, SO = Streptococcus of undeterminable type, 
Hi = Hemophilus influenzae, ASU = antistreptolysin unit, lA and IB = In- 
flucnzavirus A and H. INT = Insufficient Number of Tests. 


Date 

of 

onset 

Types 
of bacteria 

11/1 

P9 


P15 

D 

Ssp + P18 

12/1 

P15 + P32 

14/1 

P15 

17/1 

Ssp + Plo 

D 

P24 

» 

P3 


Ssp-^P7C 

» 

P14 

1.8/1 

0 

» 

0 

& 

S26 

19/1 

P15+P32 

1 ) 

P1C+P19 

S> 

P28 

* 

0 


O 

21/1 

P3+P19 

2> 

PI 9 


0 

26/1 

Ssp+P31 

» 

P3+P12+Hi 

» 

Sl+Pll 

» 

P15+Hi 

tf 

P3+P25 


Antibodies 


Acutc-pliasc 

scrum 



Convalescent 

scrum 


- 2 
o 2 




P9 <1/2 9P9 1/2 IAS 288 

IAS 144 20 AS 1152 


1 AS 72 

1 AS 30 

AS 72 
INT 


1 P19 <1/2 7P19 1/2 
1 AS 144 17 AS 396 

IAS 50 to AS 100 
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60 16/2 
61 18/2 
62 , 

63 19/2 

64 24/2 
66 20/3 
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Table I. (Coni.) 


Case 

no. 

1 

Types 
of bacteria 

Antibodies 

Diseas 

agent 

Abu tc-phasc 
serum 

Convalesccnl 

scrum 

Aculc-phasc 

serum 

Convales- 
cent serum 

Di\y of (iis. 

Anlil)ody 

D 

p" 

e/1 

O 

c: 

G 

1 

w 

" 

Titrc. ASU 

w 

U4 

O 

G 

o 

Titrc, ASU 

.2 

o 

a 

Q 

Antibody 

Titrc, ASU 

67 

23/3 

Ssp 

1 

AS 

70 

11 

AS 

140 

1 







68 

A 

Ssp + P12 














69 

A 

0 







1 







70 

A 

S3 



IKT 



IKT 

■ 







72 

27/3 

Ssp-fP21 







I 







73 

A 

S5 

1 

S5 

<1/2 


S5 

1/128 


AS 

280 

18 

AS 

560 

S5 

74 

A 

S5-f P12+P31 

D 

S5 

<1/2 

!i5 

S5 

1/128 

1 

AS 

100 

15 

AS 

280 

S3 

61 

29/3 

P22 

1 

lA 

<1/4 

9 

lA 

1/10 







lA 

75 

» 

0 














76 

31/3 

S13+P8+P9 

1 

IB 

1/4 

11 

IB 

1/16 

1 

SI 3 

1/S 

11 

SI 3 

1/8 

IB 

78 

3/4 

Ssp 

1 

lA 

<1/4 

11 

lA 

1/32 







lA 

79 

4/4 

0 














80 

» 

P4 

1 

lA 

<1/4 

10 

lA 

1 /64 







lA 

81 

6/4 

S4 + P9 

1 

m 

<1/2 



1/2 

1 


125 

8 

AS 

250 

S4 

82 

9 

Ssp-fP12 

1 

9 

<1/4 

8 

lA 

1/32 

1 


125 

8 

AS 

250 

lA 

83 

A 

S54P19 

1 

lA 

<1/4 

5 

lA 

1/16 


■ 


11 

lA 

1/32 

lA 

84 

i 

0 

1 

lA 

<1/4 

5 

lA 

1/8 




11 

lA 

1/32 

lA 

86 


0 

1 

lA 

I/IG 

14 

lA 

1/16 







lA 

87 

MIA 

P24 














88 

A 

S5— P24 

1 

lA 

1/8 

10 

lA 

1/64 







lA 

89 

20/4 

Hi 

1 

lA 

1/4 

7 

JA 

1/32 

1 

AS 

560 

19 

AS 

1100 

lA 

90 

A 

P9+P11 + 
















P13 + P28+Hi 

1 

lA 

<1/4 

7 

lA 

1/128 

1 

IB 

1/8 

7 

IB 

1/16 

lA 

91 

A 

P23 

1 

lA 

<1/4 

8 

lA 

1/64 





lA 

1/64 

lA 

92 

f> 

S5 

1 

lA 

<1/4 

12 

lA 

1/16 

1 

S5 

<1/2 

12 

S5 

1/2 





1 

AS 

280 

12 

AS 

560 







1A4-S5 

93 

1> 

0 

1 

lA 

<1/4 

15 

lA 

1/128 







lA 

94 

r> 

S64P4 

1 

lA 

<1/4 

13 

lA 

1/32 





lA 

1 /32 





1 

P4 

<1/2 

30 

PI 

1/2 







lA 

95 


0 

1 

lA 

<1/4 

13 

lA 

1/256 







lA 

96 


P34 

1 

lA 

<1/4 

13 

lA 

1/128 




27 

lA 

1/128 

TA 

97 

rt 


1 

lA 

<1/4 

13 

lA 

1/32 

1 

S5 

<1/2 

13 

S5 

1/32 

IA-I-S5 




1 

AS 

70 

113 

AS 

1100 








98 


S5 

1 

S5 

<1/2 

11 

S5 

1/16 

1 

AS 

140 

11 

AS 

560 

S5 

99 

21 lA 

Hi 

1 

lA 

<1/4 

12 

lA 

1/256 

1 

IB 

1/16 

22 

IB 

1/8 

lA 
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Table I. (Cont.) 



Antibodies 


Types 


Acute-phase 

serum 


of bacteria .'S. 
onset 'a 



Convalescent 


00 » P28 

01 » SS-fPD-f 

PlOA-fHi 


02 » P18B-^Hi 

03 s PI 

04 » P4-}-Hi 

■05 22/4 S12-t-P9-fP22 

06 t 0 

07 » PI 

08 » SI -i-Pll .t-P24 

09 24/4 S5-^P3-^-P13 

'10 » SI 

111 » P16 

112 26/4 S5-fP4-}-P34 

113 , 0 

114 27/4 PllA 

■15 » P4 

'10 » S5-f-P4 


19 » P28 

20 » . P24-|-Hi 

21 28/4 0 

00 Tl- 

» Hi 

23 , O 

24 , P2 

» P^+PlO-pHi 
26 29/4 O 


1 lA 
17 AS 
1 Hi 
1 18B 
1 lA 


<1/4 

280 

<1/2 

1/2 

1/8 

INT 

<1/4 

1/4 

< 1/2 

<1/4 

<1/4 

<1/4 

INT 


1 lA 
1 P34 
1 lA 
1 lA 
1 lA 
1 lA 
HAS i 


1 lA 1/64 11 

11 S5 <1/2 29 S5 
llA 1/128 12 lA 
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Table I, (Cont.) 
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quency as in healthy material. Types with a low number, which are 
specially apt to cause acute pneumonia, were rare. Type 1 occurred 
in two' cases of pneumonia at the end of April.- During the same 
period a case arose of catarrhal infection, caused by type 2. Of the 
streptococci, type 5 was predominant during April and May, Hemo- 
philus' influenzae was not frequently found.' ' • . ; 

It is difficult to decide which of the bacteria present were of 
etiological significance. Many seem to have been merely sapro- 
phytes of the mucous membrane, though the existence of a num- 
ber of definite bacterial infections was proven by the serological 
examinations. ’ • • ■ 


Results of the serologic examinations. 

For a type of bacteria to be regarded as the cause of an infec- 
tion, I have required that antibodies against it shall have been pre- 
sent in the serum during the period of illness. The best criterion 
for this IS the presence of antibodies in the serum taken in the con- 
valescent stage, but a lack of them in the serum taken during the 
acute stage of the disease (acute-phase serum) A doubW of 
anybody Hire frem acute-phase t„ coLjete„t "1 ' 

also been taken to indicate an inrecHon. " 

Complement fixing antibodies against the infhmnra ■ 
quently occur in small quantities in 
In the event of actual infection the antZd 
derably above the normal values It is geneLT” 
the serum gives a positive reaction in a LtCln'Z' h"f '' 
the patient has recently been through r \ or higher, 

the most convincing evidence of acuttinflueLr-”" 

a rise in the titre from a low value in acut nn to be 

2—4 times higher during convalescence ® 

parent influenza infections are Tm "on 
ritre against the influenza virus both in « '^creased antibody 
m the convalescent seriim of an acute in^ serum and 

as evidence of preceding inapparent influenr 
The agglutinin titre and the antisfr« i T 
oed in the cas« of streptococcal in S' Tr^ 
opecf.c m type. The latter likewise LTT'-J “> be 

.nd,cate the type. The ^ut does not 

- Ac/a med. soandinav. VoL CXXl. '""^'"^^tion of slrepto- 
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coccal infection was interpreted according to the general rules 
just described. The content of antistreptolysin in acute-phase serum 
depends on the extent to which previous streptococcal infections 
have preceded the current infection. If the convalenscent serum 
taken about a fortnight after the acute-phase serum contains at least 
twice as high an antistreptolysin titre as the latter, then the infec- 
tion investigated is probably a streptococcal infection. The diag- 
nosis is supported by the demonstration of streptococci of a deter- 
minable type in specimens from the throat. Since normal serum 
hardly ever contains type-specific agglutinins against streptococci 
the presence of these antibodies is more indicative of a recent 
streptococcal infection than a high antistreptolysin content. This 
problem will be discussed in a subsequent paper. Table 1 shows 
the result of the serologic examinations. 

The first case of influenza A (no 61) occurred on 29/3, and during 
April there were thirty-nine cases of the disease. Sixteen further 
cases w'cre recorded during the first w'eek of May. During the 
period 29/3 — ^24/4 twenty-six acute cases of influenza A occurred, 
and subsequently six more the last one on 2/5. The entire epidemic 
was over in just over a month. As seen, the acute attack of influ- 
enza is characterized serologically by a rise in the antibody content 
during the first two weeks. The titre then declines slowly but in 
many cases it is still high after a month. Cases 83 and 84 show a 
distinct rise in titre after only five days from the onset of the 
disease, and the majority of these acute cases register a high titre 
on the tenth day. Inapparent influenza infections also occurred 
and in such cases the antibody litre fluctuated slightly during 
an observation period of from ten to thirty days. The first inappa- 
rent case (no 86) "was diagnosed 11/4. The titre remained unchanged 
at 1: 16 for a fortnight. During the entire period of the investiga- 
tion twenty-four inapparent virus A infections were diagnosed. 

During the period preceding the influenza epidemic proper, 
i.e. during the months of January — ^iVIarch, it wms only in exceptio- 
nal cases that antibodies against virus A appeared in litres of 
1/4 and 1/8, and generally in the same titre in acute-phase serum 
and in convalescent serum. In not a single case was a titre of 
1:16 or more obtained. 

A raised antibody titre against influenza B was demonstrated 
in cases 76 and 90 , Case 76 is possibly a case of acute influenza B, 
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Fig. 1. Intcclions serologically verified and cases of xinknown origin among 
conscripts who during the period 11/1 — 8/5 were admitted to the hospital suf- 
fering from acute infection of Hie respiratory tract. 


though the rise of litre, from 1/4 to 1/16, is perhaps too low to per- 
mit any definite conclusion based on one ease only. Cases showing a 
serum litre of 1 /4 and 1 /8 against virus B were more common during 
the epidemic of influenza A than during the preceding months. 
, Of the bacterial infections those caused by streptococci of type 
5 present the most interesting features. The first two serologically 
verified cases occurred on 27/3, and the subsequent epidemic of type 
5 is closely related to the influenza epidemic which broke out at 
the same time. During.the period 27/3—2/5 there occurred twenty- 
one definite cases of type 5 infections. This type of streptococcus 
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Fig 2. A case (no 128) of influenza A followed by streptococcal pneumonia. 
C.F.T. = complement fixation test. For further abbreviations see table 1. 


was also observed in throat tests in four other cases, but it was not 
possible to verify the infection serologically. 

In order to elucidate the relation between the virus infection 
and the bacterial infection, in figure 1 all the etiologically verified 
cases were grouped together with cases that did not admit of cer- 
tain diagnosis, and which were denoted as negative. 

The figure shows that among the cases that occurred during 
the first three months of the year an etiologic diagnosis was obtained 
only in exceptional cases. There were, however, five definite strepto- 
coccal infections and five infections caused by pneumococci, as well 
as one case caused by Hemophilus influenzae. The infections that 
occurred in April and May are of greater interest. I should like to 
draw special attention to the cases of double infection. Here we 
find complex infections of influenza virus and streptococci or o 
influenza virus, pneumococci and Hemophilus influenzae. Initia 
influenza infection followed by streptococcal or pneumococcal in- 
fection also occurred. In one case (no 101) there were simultaneous 
infections involving virus A, pneumococci and Hemophilus in u 
enzae, which after seventeen days were followed by a streptococcal 
disease. Double infections in connection with inapparent 
imply that the virus infection arose prior to the date of its deter- 
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Fig. 3. Complex infection (case no 97) of influenza virus A + streptococci of 
Ij-pe 5. C.F.T. == complement fixation test;r,b,c. = red blood cells. For further 

abbrevations see table 1. 


minalion. Thus, for instance, one of these cases (no 116) is a case of 
primary influenza revealed in conjunction with a complicating 
pneumococcal infection, and subsequently still further complicated 
by a streptococcal disease. 

Fig. 2sho^YS a case (no 128) of typical influenza A complicated 
by streptococcal pneumonia. 


A conscript fell ill on 28/4 with high temperature, cough and hoarseness 
The throat was somewhat inflamed and examination of llie chest ^Ya£ 
negative. He was admitted to the hospital, and after six days the tempera- 
ture was normal, though he was still weak. He was discharged on 11/5 bul 
lemained on the sick list in the barracks. On 3/5 he again fell acutely il] 

cm,tr?r"-n sulphatiazole treatmen/the 

course of the illness was protracted. On 20/5 he was transferred to the 

arnson Hospital, Avhere the diagnosis was pneumonia -f signs of a healed 
cjdiac .atarCicn. He found u„m to further 

ehow t„a< 

Shims »„d ieralftoe 
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got well rapidly and was discharged on 23/4. He was slow in recovering 
his strength and was again taken hospitalized on 8/5. He was tired and 
showed signs of nephritis. He was again discharged on 16/5. 

The tonsillitis, which was the dominant clinical feature, was caused by 
streptococci of type 5. The simultaneous virus-A infection passed over 
without any typical symptoms, though it .probably gave rise to the cough, 
which obscured the picture of typical acute tonsillitis. The streptococci ot 
type 5 persisted for, a long time in the throat and on the 21st day ot the 
infection gave rise to the slight attack of nephritis. The agglutinin litre 
against the streptococci of type 5 rose slowly, whereas the antistreptolysin 
content w’ent up ‘rapidly and remained high for a long time. Complement 
fixing antibodies against vinis A rvere diagnosed on the 17th day of illness. 


Clinical course of the diseases. 

The typical, more severe cases of influenza during the epidemic 
in April-May exliibited relatively uniform symptoms of classic 
type; acute chill, general tiredness, coughing, pains over the 
whole body or in the calves, not infrequently accompanied by 
nasal catarrh or hoarseness. The throat was inflamed, but acute 
tonsillitis in the true sense of the term w^as invariably absent. 
Occasionally these primary cases also showed signs of bronchitis. 
The fever often followed an irregular course. Cases occurred of 
three or four days of high temperature, but in the milder cases, in 
which the symptoms were generally confined to coughing and 
cold, the temperature was low with only short spells of fever. During 
this epidemic many conscripts had periodical coughs and colds, 
though of so mild nature that they kept on duty. It was only when 
their illness assumed an acute form or when a fresh infection started 
that the initiating slight infection of the respiratory tract was 
revealed as inapparent influenza by the serologic tests. 

The streptococci of type 5 accompanying the influenza gave 
rise to supervening diseases, which frequently proved severe and 
lasted a long time. For instance, there were six cases of acute 
pneumonia (nos. 101, 109, 118, 121, 128 and 142) verified by X-ra}. 
Two of four mild cases of nephritis (nos. 22, 97, 116, 141) and 
one case of acute otitis (no 92) W'ere also caused by streptococci of 
type 5. Three cases of pneumococcal pneumonia were diagnosed, 
one (no 9) in January and two (nos. 103, 107) in April. Case. 103 was 
a virus-A infection follow^ed by pneumonia caused by Pneumo- 
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coccus type 1. Case 107 occurred indepfcndenlly of llie influenza 

- ^ These investigations confirm cxpcricnce5 gained earlier abroad 
to the effect that, clinically, influenza A cannot be distinginsbcd 
from similar primary respiratory infections of a different origin. 
Chiefly in Jamiary; though also during the epidemic of influenza A 
and subsequently, there were a number of cases of clinical influenza 
which were not caused by virus A or B. Nor was it possible to 
discover any bacterial origin. The 5 '^ were apparently infections call- 
ed influenza Y by American authors (11). From the clinical point 
of view, it is significant that these diseases were milder than influ- 
enza A, that as a rule their course w-as free from complications 
and that the whole illness lasted at the most a week. 

In spite of the limited number of cases, this influenza epidemic 
vividly illustrates the advantage of individual isolation of influ- 
enza patients. During tJie epidemic there was no such possibility. 
The result was that six cases of nosocomial streptococcal infection 
(nos. 98, 109, 112, 118, 142 and 159) occurred during the period 
27/4 — 13/5 among the patients admitted to the hospital as un- 
complicated cases of influenza. These .six conscripts contracted 
serious complications, four of which were pneumonia. Altogether 
481 days of militar}’^ ser\dcc were lost. 


Discussion. 

It has been possible by combined baclcriologic and serologic 
methods to analyse eliologically a number of cases of acute in- 
fections of the respiratory tract. An epidemic of influenza A com- 
plicated by infections caused by streptococci of type 5 form the 
essential basis of this study of the interplay between virus and bac- 
teria. The results throw light on the causes of the heterogeneous 
disease picture characteristic of influenza and its concomitant 
diseases. It is well known that human beings react very diffcrentlv 
even to the primary uncomplicated virus-A infection. Mild infec- 
tions consisting of coughs and common colds and accompanied by 
slight (ever .elternate ™ih severe, typical cases of intlacL Thes; 
d. ferences may be reprded as qaaoUlative in contrast to the „„ali. 

4rir ■ T"® “ Loc- 

mtervene m the course of the disease. Case 97 in tie 9 is „„ 
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example of a complex infection of this kind. Primary bacterial in- 
fections, such as typical acute streptococcal tonsillitis, occurred 
simultaneously with the virus diseares and their complications. In- 
fluenza B does not figure to any extent in the cases investigated — 
there may possibly have been one case — , whereas several cases of 
influenza Y (clinical influenza of unknown origin) is likely to have 
occurred. 

Many bacterial respiratory infections may have evaded etiologic 
diagnosis owing to the fact that certainly not all bacteria of etio- 
logic importance were isolated by the throat tests. Nor have many 
of the infecting bacteria demonstrated given rise to antibodies 
which could be shown by the methods used. It is probable, there- 
fore, that only a relatively small number of the acute bacterial in- 
fections of the respiratory tract get etiologically diagnosed espe- 
cially when the investigator insists upon the essential requirement 
of a serologic verification of the infection. 

Unknown virus and non-diagnosed bacterial infections may 
therefore have arisen even in the cases here presented as having 
been thoroughly investigated, etiologically speaking. However, 
this would not affect the conclusions drawn herein. 


Summary. 

A study has been made of the acute infections of the respira- 
tory tract amongst conscripts belonging to a Stockholm regiment. 
An epidemic of influenza A occurred during April and May of 
1944 and was complicated by infections of streptococci of type 5 
arising epidemically. The diseases observed consisted of cases of 
typical primary influenza A, cases of primary streptococcal ton- 
sillitis, cases of complex infection between virus A and bacteria, 
chiefly streptococci of type 5, and cases of influenza A followed 
by bacterial infection generally caused by type 5 streptococci. In 
addition, cases occurred which could not be diagnosed etiologically 
by the method employed, and among them were infections of the 
type known as influenza Y. The interplay between virus and bac- 
teria was discussed. 
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C. Kling). 


On the Occurrence of Poliomyelitis in a Parish 
in Middle Sweden — an Example of the 
Development of Endemic Centres. 

By 

RAGNAR SPAAK. 

(Submitted for publication January 2, 1945). 


During the summer and autumn of 1939 five cases of poliomye- 
litis -svith pareses occurred in the parislies of Kungsara and Karr- 
b 0 in the province of Vestmanland (middle Sweden), four in the 
former and one in the latter. Simultaneously, a number of non- 
specific cases occurred which were suspected of representing an 
abortive form of the disease. The circumstances disclosed in the 
course of the epidemiological investigations would appear to 
command sucli general interest that I have deemed it justifiable 
to have them published. 

Kungsara is situated at a distance of about 15 Idlometres to 
the east of the town of Vasteras on a bay of Lake Malaren. Tlie 
parish has a length of barely 10 Ism and an area of approximately 
30 square km. On Januaiy 1st, 1938, its population was 370. The 
buildings are set wide apart and mainly placed along the middle 
part of a minor watercourse, a brook called sKungsarabackens, 
which runs diagonally through that area. The largest village is 
Kungsbyn, comprising some ten farms situated on a hill around the 
parish church. The outskirts of tlie area consists of bogs, swamps 
and woods, while the central parts, principal^ along the brook just 
mentioned, consists of arable plains with occasional stonj' hills. 



The bvooUhsl appears a. a his fflch coHccUng ™.or 

and ^ods in iUe norlhermnosl par o! ihe pawah. « " , 

three Mtometres it gro« tvidcr and Ilonn thronsh a a 1 es 10 0 

metres avidc. aaMch gradnally tarns into marshes iloaan ha l.aU 

The first case of poliomyelitis in 19H0 occurred ot» .luh Mill 
in the collage of a form-servant of Darsla form, about 2 kilometres 
northwest of Knngsbyn (sec map!). The case was a typical one 
with parcses of the arms, back and legs (case No. 1). The next case 
of paresis (case No. 2) occurred as early as .Inly IGtb at Ik'iby form, 
a couple of kilometres north of Darsla. After that there was no 
fresh case until August 16th, when a young woman fell ill at Lindo 


farm, in the parish of KiiiTho. Lindo is situated about 7 kilomctrc.s 
as the crow flies from Kungsbyn. This patient likewise developed 
parescs. The following two cases occurred at Knngsbyn on August 
28lli and September 13th rc.spectivcly. Tiie first of these patients 
(case No. 3), a married woman of 27, had developed almost com- 
plete parescs in the arms and legs as well as a respiratory paralyse. 
The second case (No. 4), a 10 year old girl, not only displayed main- 
ly cerebral symptoms (parcses of the external eye muscles) but 
also such signs of an affection of the medulla itself (the abdominal 
and patellar reflexes ^Yerc all absent) that Uic diagnosis poliomye- 
litis will have to be regarded as correct. Alt the ])atieuts were 
female, their ages ranging between 10 and 27 years. The locaVty.a- 
tion of the cases occurring at Kungsara is evident from the map. 

A non-paralytic case occurred round about .July 25th at Darsta 
forrr>., but that case is not marked on the n\ap, wbicb only lakes into 


consideration cases of paresis. Apart from this there bad been seve- 
ral non-specific cases, which come under the beading miinor-ill- 
ness». These arc discussed below only when they refer to recogni- 
zed cases. 

The first question that arose was whether the cases of poliomye- 
litis occurring at Kungsara represented an isolated source or if 
they should be regarded as a part of an epidemic more widely spread 
in the Yasteras area. Up to October, 1939, a further 14 cases of polio- 
myelitis were met with in the district covered by the Isolation 
Hospital of Yasteras. Of these cases none were so near Kungsara 
as llic one at Undo. The nearest cases ol paresis occurred duririR 
tae penod May 1 SB,- September Wtl, i„ tbe losvn ol Vaslcras” 
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14 kilometres from Kungsbyn. It proved impossible to demonstrate 
any positive direct contact between anj-^ of these cases of poliomye- 
litis and those at Kungsara. In respect of the first case at Kungs- 
byn, i. e. the woman suffering from respiratory paralyse, there are, 
how'ever, several possibilities of indirect contagion. First!}'-, she 
had paid a visit to Vasteras shortly before falling ill; secondly, her 
husband had carried out disinfection in the homes in which the first 
cases of the disease had developed. It should also be mentioned 
that the woman at Lindo had on tAvo occasions — 4 and 2 weeks 
before she fell ill — been in personal contact with relatives resident 
in Kungsbyn and close neighbours of the patient just referred to. 
At that time no cases had as yet been reported in Kungsbyn. 25 
da3’^s later, however, one of the relatives mentioned fell ill Avith 
raised temperature, diarrhea and a slight stiffness in the neck. As 
no medical examination aaus carried out in this instance it cannot 
be established for certain whether it was an actual case of non- 
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paralytic poliomyelitis. The probability of the patient at Lindu 
having carried the infection to Kung.sbyn vonld not appear Ncr^ 
great. It is more likely that the woman herself contracted the 

disease when visiting the place. 

As regards the connexion between the eases of paresis occurring 
at Knngsara the following facts have been traced. The wives m the 
Uvo first afflicted families were on intimate terms and called on 
each other frecpiently. Only 12 days before falling ill the woman 
from Raby (case No. 2) bad together with her 19 days old baby boy 
visited tlie family at Darsta, stayed the night and partaken of 
food and drink there during two days. At the lim.c of her illness 
the infant had a cold (corj’za and a slight congli) while the other 
members of the familj’’ were quite well. In Ihc Darsta family no 
less then 4 of the remaining 5 members liad, at the lime the case 
of poliomyelitis occurred, been .suffering from non-specific symp- 
toms (inter alia stiffness in the neck, pains in Uic joinl.s, poor ap- 
petite, vomiting). This family drew their drinking water from a 
pipe installed to supply the requirements of the Darsta farm. Pro- 
bably the woman from Riiby had also drunk of Ibis water during 


her visit. 

To my knowledge there had been no direct personal contact be- 
tween these two cases and those at Kuugsbyn. On the other hand 
the two Kuugshyu cases were almost daily in touch with each 
other until one of them fell ill. Each family had taken watex- froxxx 
their own well but the two sick people had also occasionally had 
water from the nearby school. Tlic young woman first taken ill was 
the daughter of the teacher and visited her parental home almost 
daily. The other patient attended the scliool. It proved that (fie 
school, like ihc majorUy of ihc Imischolds of Kunrjsbyii, had, for 
some fifty years, drawn walcr from a spring callcn idiackkiillan^. 
situated near Kungsarabacken a few hundred metres away. 

The epideixxiological circumstances reported above do not appear 
to afford any reliable support for cither the contact thcorv or that 
•of an alimentarj^ or water infection. However, it is hardly^probalde 
that the contagion in cases No. 2 and No. 4 is due to contact with 
previous cases, as in both cases the contact took place before tl,e 
falling 111 of the earlier case. However, the possibility of water in- 
• Section could not be excluded. 

Being aware that some cases of poliomyelitis — i„ all 9 cases 
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ith pareses Jiad occurred in the place before, I found it of in- 
terest to ascertain whether these could be connected with this 
year s cases. It proved that with a few exceptions they could, 
together with the cases of 1939, be referred to im cmires siimkd n( 
Kungsbyn and Darsia. 

The very first case of poliomyelitis knovai at Kungsara occurred 
in September, 1911, on a farm called Andesta and concerned a 12 
year old girl who attended the school atJKungsbyn. Thus, while at 
school, she may occasionally have drunk water brought from the 
spring. In February, 1912, a fresh case occurred when a 7,mont]is 
old boy at Kungsbyn fell ill with uncertain symptoms but later 
proved to have got a permanent paresis of one of the legs. Accord- 
ing to information now obtainable, the patient’s family had, as a 
rule, taken drinking water from the same spring. 

Tire next case at Kungsbyn did not occur until September, 1932. 
The family to which the patient belonged generally drew drinking 
water from their own well. However, the patient himself, a 10 year 
old boy, at that time attended the nearby school and may thus 
occasionally have drunk of the water from the same spring. A fort- 
night later an 8 year old boy, living at Kilsta, 2 Idlometres 
farther to the west, fell ill. This patient, too, attended the school at 
Kungsbyn. In both these instances the medical officer made an 
epidemiological investigation and established during his wsit that 
no contact seems to have occurred between these and a case met 
with earlier in the Darsta centre. In June, 1936, a new case occurred 
at Kungsbyn, a 7 year old boy being afflicted with pareses. This 
case, too, was investigated epidemiologically bj' the medical offi- 
cer, who could not establish any contact with other cases of polio- 
myelitis. Drinldng water was obtained by this family from the 
same spring. In summing up it may be stated that all ihe cases of 
poliomyelitis occurring over a number of gears at Kungsbyn have been 
connected with one and the same waicr-supply. Two of the patients 
had daily drunk of the Avater in question, Avhile the other three 
cases Avithin the centre, had, at the time of infection in all probabi- 
lity used the AA'ater occasionally. Another two cases outside Kungs- 
byn had probably used the spring water occasionally. 

Of still greater interest are the previous cases of poliomyelibs 
met AAuth at Darsia, the second centre. The first case occurred in 
1932, when a 5 year old boy fell ill and developed typical paretic 




I'ig. 1. oDackkiillnn*. The spring near (lie lirook. 


symploins; lliis case was liio first one of tlic year within the di- 
i; strict. His mother ha\nng passed away, the. hoy at the lime lived 
with his paternal grandparents at Elisbo, a small croft abont one 
kilometre northwest of Darsla. Abont one year after the boy’s 
•1 illness the father remarried and settled on a small farm just north 
, : of Darsla. Of the children horn in the new marnage, a one-yoar- 
:• old girl developed poliomyelitis with parescs in Angnsl, 103(). 11 is 
'■ possilde that in this case the contagion had l)ccn transferred from 
Darsta farm, Avherc two eases of poliomyelitis had occurred one 
. ; month earlier. An examination of the supply of drinking-water in 
j). these two cases gave the following resnlt; Wlicn the boy fell ill in 
... 1932 the well at Elisbo was out of use and water was therefore 
fetched from the well of Darsta farm. At the farm to which the 
family had moved, the well was a very poor one, so water always 
had to be fetched from Darsta. 

In the year when the jusl-menlioncd lilllc girl was ill, two 
of the children at Darsta farm developed poliomyelitis with parc- 
j-x ses. In July, 1939, 10 days after the first ease that year at Darsla, 
another case occurred in the same family, a nine-year-old girl being 
afflicted with headache, stiffness in live neck and a pronounced 
opisthotonos position. As the symptoms diminished in a conjdc of 
days no physician was, unfortunately, called in. However, there is 
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Fig. 2. The well in a field at Darsta lanii. 


every reason to Itelieve t]iat the case was a non-paralytic form of 
poliomyelitis. The family, of course, used the water from the Darsta 
well. Thus U was proved that all the cases wilhin Ihc Darsla cenin 
had used the one and Ihe same walersupply al Ihe lime of infection, la 
•one case outside the centre it was proved that water from the supply 
in question was used occasionally at about the time of infection. 

A few words remain to be said concerning the water-supplies 
involved. The water-supply common for the Kungsbyn cases, the 
spring, is found at the very edge of the little valley through whid' 
the brook Kungsarabacken flows past the church. It is a small 
spring surrounded by a few boards and covered by a lid (see fig. 1) 
The spring itself lies on the border of the marsh forming the bottom 
ef the valley. The level of the spring water was some decimetres 
above that of the brook flowing past at a distance of 12 — 15 metres, 
A small ditch from that part of the spring facing the brook facili- 
tated the outflow from the spring. Due to the small difference in 
level, hoAvever, the spring must have been almost regularly polluted 
at high water by surface water from the brook. Samples of water 
from the brook showed a considerable pollution by colibacilli (230 
colibacilli per litre according to the Eijkmann test at 46° C. and 
2800 coli-aerogenes per litre according to the common lactose test 
at 37° C.) - f 
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Tlic wll used in the Darsla cases was sitiialcd in Hie middle of a 
field imnicdialelv norlli of Hie farm; it was stone-lined and well 
covered by a big slonc-slab placed sHghHy higher than Hie sur- 
rounding ground (see fig. 2). ^Valer had not heeu dnnvn directly 
from Hie well; which had liccn sealed, a pipe-line and a tank haying 
been arranged to lake Hie water to the house and callle-shcd. 'I he 
neighbours had drawn Avater from a lap in the latter. A sample of 
the well water, analyzed by colititralion. had a content of 10 coli 
and 2.S0 coli-acrogcnesbacilli per litre. 

Samples from both Hie Avaler-supplics and Hie brook were taken 
for tests for the possible, presence, of poliomyelitis virus. After 
■ concentrating Hie virus by a sjiccial method — which I don't 
intend to describe here — some monkeys were inocnlalod witli the 
substance. The results of these, investigations will he published 
later by C. I^iliiig and bis coworkers. I will only mention here that 
the monkey inoculated Avilh the sample of water taken from the 
Darsla farm de\'clopcd a slight paresi.s in one leg 12 days .after Hie 
inoculation. After some day.s’ further observation Hie animal was 
killed. The histological examination of the central nervous system 
disclosed changes tyjiical of fioliomyclilis (numiugilis, perivascular 
infiltrates and ncuronophagia). Through fiassago inoculation Avitli 
the lymph glands from this monkey it Avas fiossihle to ])rodncc a 
mcningo-polio-cnccphaliUs, The monkey inoculated Avith the sample 
of Avater taken from Hiackkiillanr. doA'clopcd a Aveakness in Hie left 
hand on the lOlh day after the inoculation and Avas killed after 
another two or three days. Tlic histological examination showed 
meningitis and periwascular infiltrates in certain sections of the 
central nervous system. After passage inoculation similar changes 
mainly localized to the cerebrum Avere Qhscr\*ed in the oilier ani- 
mal. An additional monkey was inoculated with the Avater from 
the brook that passes the spring. This monkey shoAved no svm- 
ptoms of disease, and at the postmortem it Avns quite normaf 


Summary. 

In a small parish, Kungsara, situated just north of Lake M-iln- 
ren m the middle of SAveden, 13 eases of poliomyelitis Avil^ 
occurred during the period 1911—1939. An investigation nf n \ 
epidemiological conditions proved that these cases coidd be refor- 
rr Aefa med, scandlnav. VoU CXXJ. 
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red to two distinct centres, each localized around a certain water- 
siipply. The investigation further showed that at one centre all the 
patients (5 persons) had daily used the water from the supply for 
drinking and domestic purposes at the time of infection. At the 
second centre the water from the supply in question had been used 
daily in two cases and only occasionally in the other three. The 
remaining three patients, who had fallen ill at places oufside ik 
centres, had probably made sporadic use of water from either of 
the water-supplies mentioned. 

One of the suspected water-supplies' consisted of a well-built, 
concrete-lined well situated in the middle of a field. The other uas 
a natural spring, extremely badly protected from pollution by 
surfacewater. Bacteriological examinations disclosed fecal pollu- 
tion of both. 

After special treatment the Avater from both supplies was tested 
for poliomyelitis virus. Wlren inoculated into monkeys both the 
samples of AA'ater produced clinical symptoms and pathologic-ana- 
tomic changes, Avell corresponding to the picture of experimental 
poliomyelitis (5). 


Discussion. 

The most remarkable epidemiological feature in the cases of 
poliomyelitis described above is the tendency to the development of 
endemic centres. A similar concentrating of cases into endemic 
centres has also been observed by S. Card in the course of epiik' 
miological investigations in the provinces, inter alia in Bohuslan w 
southwestern Sweden (1). 

The cases dealt wdth here appear to indicate that the cause of 
such a formation of centres may perhaps be found in the pollution 
of water-supplies by poliomyelitis virus. There is hardly any doubt 
but that in many places in Sweden the existing conditions favour 
the spreading of contagious matter present in water through wells 
and other private water-supplies. In an investigation into tiie 
hygienic conditions of the water-supplies in various parts of tlie 
country (carried out by a special committee of the Swedish Go- 
vernment Board of the OAvn-Your-Own-Home in 1941) it wa® 
established that out of 3,185 wells examined only 19 % Avere fiiny 
satisfactory from a hygienic point of vicAV, AAdiile the remaining 
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81 %K\-erc imp^rcd by one or wore faults. iNo less than 69 % of the 
total nuwber ^Ycrc insufficiently protected again.s po u ion n 
surface Avatcr. The sUalc of the u’clls varied considerably w diffe- 
rent parts of the country. 

During recent years a number of investigators have shown I ha 
poliomyelitis \nrus is present in the intestinal contents of polio- 
myelitis patients to a far greater extent than previously assumed. 
Thus, in 1040, Trask, Vignec and Paul (14) stated in a report of 
111 tests for poliomyelitis ^^rus in the faeces from poliomyelitis 
eases that 10 tests gave positive results when inoculated into mon- 
keys. All the positive specimens were derived from the first four 
weeks of illness. 'When effecting intranasal instillations inloinon- 
kevs according to their own method, Howe and IBodian (2) obtain- 
ed typical experimental poliomyelitis with no less than 10 out of 14 
fecal specimens from paralytic ca.scs. Kramer, Gilliam and .Mol- 
ner (7) have denionstralcd tjic presence of poliomyelitis virus not 
only in two sick children but also in the faeces from three healthy 
children and an adult nurse, all of whom had been in intimate 
touch with patients .suffering from infantile paralysis. Several other 
investigators [Sabin and Ward (11), Lcpinc, Scdallian and Sautter (8)] 
have reported similar results. 

In Sweden C. Kling has devoted special interest to this ques- 
tion in several publications (3, 4). On the basis of earlier Swedish 
experimental poliomyelitis material, suhieded to renewed study, 
he states that poliomyelitis \nrus can be observed 2—3 times as 
often in intestinal contents as in pharyngeal secretions. In later 
experiments Kling, Olin, Fahracusand Norlin (3) were able to prove 
the presence of \4rus in no less than 6G.7 % of specimens of llic 
evacuations from the seven first days of illness, while only 23.5 % of 
specimens from the 8th to 25th days of illness gave positive results. 
It would therefore no-\v appear to he beyond doubt that polio- 
myelitis ^irus commonly occurs in the faeces of persons afflicted 
with an abortive or paretic form of poliomyelitis. 

Where infantile paralysis Ndrus is present in the faeces it may 
of course he expected that virus can he detected in sewage In- 
vestigations in regard to the presence of poliomyelitis vinis in 
sewage have been carried out by the American research workers 
J. R. Paul and J. D. Trask, partly in collaboration with Um Swede 
S. Card. In a publication dated 1940 (9) limy state that during 
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sewage from Uvo of i ^ ^ poJiomyelitis \anis in 

S. C and Detroit \r i «P-coun% epidemics (Charleston, 

atcdl\ Bo«rnn ; • ..s Lad rep; 

of no^ ’ through the medium 

IrZ tlf ‘^“^tinued investigations 

durmg the summer of 1940 (8) positive results were also obtained 

m na large sewer m New York City, vhich was not in the vicinity 
1 ^.7 hospital, although cases of poliomy'elitis were pre- 

sent wrthm the area this sewer drained». 

I Jhi^, Olin, Fahraeus and Norlin (3) have, on two occasions, 
oun po lomj elitis \drus in the sewage in Stockholm, Die positive 
specimens nvere derived from a drainage area which had no coin- 
mumcatiou with the sewer from the isolation hospital.). Die quan- ' 
1 les of virus observed were very large. On account of this the last- 
men loned investigators came to the conclusion tliat either a lot ot 
people were carriers of the virus or the poliomyelitis wriis can 

develop independantty in some other kind of organism than the 
human. 


Tlie first time a neurotropic virus quite resembling tliat of 
poliomyelitis was reported in drinldng water was in 1940, when 
Professor C. Kling stated in a communication of Die Interna- 
.tional Bulletin that he had discovered such an agent in a well at 
Oppmanna in Scania in the south of SAveden. In the autumn of 
1939 7 cases of poliomyelitis occurred here, the first of which was 
a six year old boy from a solitary-lydng farm, — 1 kilometre 

from the nearest neighbour. The family in wdiicli the case occurred 
bad had no contact with any knoAra cases of poliomyelitis. From 
the well, Avhich Avas in a very poor condition (»dug aa'cII Asith Avails 
of rubble; the lid over the aa'cII A\ms broken and there aa'Os plenty 
of opportunities of the water getting fouled by the surroundings; 
the AA'ater itseF aa^s muddy»), a sample was draAvn AA'hich Avas 
examined in the State Bacteriological Institute. After inoculation 
into monkeys the presence of an etiologic agent was established 
swhich shoAvs full likeness to the mild paralytic or abortive form of 
experimental poliomyelitis (Avith changes in tlie nervous system 
of the same localisation and of the same nature).). The etiologic 
agent demonstrated could be transferred to other monkeys and 
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could lluis be regarded as being of an infectious nature, loiter it 
lias been possible to isolate (0) another four strains of a similar 
character.' Two of these strains have been isolated from the water- 
supplies in the Kungsara parish described above. 
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Observations on the hemoglobin content during 
war-time in seemingly healthy women. 

By 

A. M. RITALA. 

(Submitted ior publication February 22, 1945). 


The severe food situation having continued for several y 
in Finland on account of the long Avar, it was to be expec^ 
the consequences would be seen in a weakene s a e 
the people. As a physician in a field ^ospitaUn 1 

to observe the nurses’ comparatively tic study 

their monotonous food. I then decided to egin a sy 
of their hemoglobin content as, in a way, hemoglobin is 

best indicators of the general state of ,„tsinthelutchens 

For the sake of comparison, the female assista 

and wards of the same hospital and the female 

in mending clothes were examined. The women examined vere g 

tests we taken in a laboratory 
adjusted Sahli-Iicmoglobin measurer (in " " ,,„n 

i s 80) The determinations we ahvays made by the same y 

svbo bad received a laboratory “”S . tired- 

The clinical symptoms of anem PP ^iLfbances etc. 

r^s* Ottte bio'od tests in different groups 

were as follows: 
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Hemoglobin Hgb 

Num- 

ber 

n 

Average 

Mode 

^ro 

Median 

^re 

Xnrscs 

17 

Gt (Salili) 

C‘J1 (Salili) 

Gtt (Sahli; 

Kitchen and word assis- 
tants 

Those engaged in sewing 

H 

GG 

G) * 

G8 » 

Gi * 

GG » 

G4- » 

Whole material . 

1.^5 

C5 b 

Gr> » 

Gr> s 


Cases will the hemoglobin conicnl under GO (Salili) wre found 
in each group; the lowest amount found was 52 (Salili). Nobody 
reached 80 (Sahli); the highest was 77 which was found among the 
Ivitchen assistants. 

Thus, the whole material suffered from anemia, in ii.s intensity 
at least about 15 Saldi-dcgrec.s lower than the normal stale, on an 
average. Tlie fixed proportions of the arithmetical mean, mode 

and median are a proof of the results not being caused bv mere 
chance. 

An etiological factor in lhe.se case.s, besides deficient diet, l.s 
the actual loss of blood by menstruation which even in normal 

cases amounts to 2 V, — 5 litres m j 

yearlj, m menorrhagia cases still 

more. The female organism requires in order to keen fil, a grcnier 

amount of iron in food daily than does the male organism 

er : 7z^:zsr:!:£::! --- 

vMien comparing the above rcsiill HoU n;; cr 1 1 * 4 
in peace time, the hemoglobin ImSl fotn if 
as seas aseerlainod by the author befn .i cinctly Iho same 
the poor quarters of H^ingtordn^r 
attended to, after their h.a,n„g come for trelnuLrf 

hygienie nutrition conditions to pre-natal curl " 

‘'--s more or 

fos that When the hemoglobin cenlentTb^tdntdT'''"^ 
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Hgb /5 60 (Sahli) = anemia levis, the loss of working 

capacity is ab. 5—15 %, 

59 50 1 ) r= anemia media, the loss of working 

capacity is ab. 20—30 %, 

» ^49 » = anemia gravis, the loss of working 

capacity is ab. 40—100 %. 

Therapeutics, chiefly based on iron, may in these hypochromic 
anemia cases as a rule easily be carried out and lead to results. At 
the same time attention sliould be paid to other possible etiological 
questions like infections, function of the digestive channel etc. The 
development of social services and the improvement of general 
nutritional hygiene will destroy the origin not only of anemia but 
also of other signs of a weakened state of health. 


Summary. 

Account of systematic studies in w'ar-time concerning 135 
women, not specially selected for the purpose, most of whom had 
been working in the remotest field hospitals for 2 years. Anemia 
was common: mean content of haemoglobin was 65 Sahli (~ hgb 
81 per cent = 11.2 g hemoglobin per 100 cm®). The nurses had the 
lowest hemoglobin content; a someAvhat higher content natiiraih 
appeared among the kitchen assistants. The author deals vith 
the question of etiology and loss of -working capacity in the cases 
of anemia. In many cases, as far as this material sho-u's, it must be 
estimated to have been reduced by as much as 25 %. He recom 
mends a coherent system of definition for different degrees of inten 
sity of hypochromic anemia. 
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Exophthalmic goiter after thyroid medication. 

By 

KNUD BR0CHNER-MORTENSEN. 

(SubmiUert for jniblicnlion Jnmlnry 2, 1015). 


As is well known overdosago of thyroid preparations is seen to 
be followed by .some of the symptoms characteristic of cxophllml- 
mic goiter: loss of weight, tachycardia, palpitation, sweating, tre- 
mor, and nervousness. As a rule these phenomena make their ap- 
pearance after a latent period of a couple of weeks, and most often 
tl)ey subside again fairly rapidly — in 2—3, at the most, 4 weeks — 
after the discontinuance of the IhjToid therapy. In some eases the 
symptoms of inlo.xicalion persist for a longer period after the 
discontinuance of the thyroid administration and then subside 
gradually without particular treatment (2, 12, 10, 17, 18). In other 
cases, however, the symptoms of thyrotoxicosis are progressing 
after the discontinuance of the thyroid therapy, and eventually 
enlargement of the thyroid appears loo, together with exophthal- 
mus and other eye symplonns, so that here there appears to deve- 
lop a lesion resembling a genuine exophthalmic goiter, not only in 
its symptomatology but also in its course. 

This possibility has been realized in parlicAdar since biggort 
Moller (13) in 1930 described a typical case of this kind and, in 
this connection cited a few previous brief casuistic reports from 
the literature, being thus the first to recognize the not infrequent 
occurrence of the lesion and discuss its pathogenesis thoroughly 
Subsequently, a number of such cases have been reported 
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in tins country^ so that up to the present a total of 10 cases has 
been presented here in Denmark (1, 3, 4, 5, 7, 11, 13, 14), \shi!e 
only relatively few cases have been reported in other countries 
[Stegmann (20), 1 case; Hurxthal (6), 7 cases]. 

Often these patients have presented a rather high degree ot 
thyrotoxicosis. Of the above mentioned 18 patients, concerning 
whom the data have been fairly complete, 4 died soon vith severe 
th^Totoxicosis [all Danish cases (5, 7, 11, 13)]. Thyroidectomy 
was performed on 10 of these patients; 3 improved under X ray 
treatment, and 1 improved somewhat under protracted medical 
treatment. 

Generally the thyroid medicamentation in these cases was insti- 
tuted on account of obesity, in a few cases on account of myxoe- 
dema, and in one case because of urticaria. 

Writer’s Material. 

To the patient material published so far, 4 additional cases may 
be added which were observed in the Kommune Hospital mthin 
the period of 1934 — 43 h 

Tliese four patients were women, aged from 25 to 58 years, 
who on account of obesity had been treated with thyroid prepa- 
rations. Symptoms of thyrotoxicosis developed in direct con- 
nection with the treatment, and the lesion progressed after hie 
discontinuance of the treatment. 

The basal metabolic rate W'as found to be increased, shoving 
values of 157, 134, 174 and 137 % respectively. Exophthalmiis 
was not observed in any of them. 

Thyroidectomy was performed on two of these patients. The 
remaining two improved under entirely medical treatment and on 
reexamination 9 years later tl 2 ey^ presented no sign of thyrotoxico 
sis. 

Case 1. 

Female, aged 25, wife of artist. Reg. No. Dep. II, 58 — 3/34. 

Past history of good health. In Oclober-November 1933, on account o 
obesity {weight 82 kg.), the patient was given thyroid treatment. 
units 1 daily for three weeks, then 800 units daily for two weeks, and fmaii) 
elityran for a couple of weeks. Under this treatment the patient lost con- 

1 I am greatly obliged to Dr. H. He^scher, Chief Physician, for permission 
to publish 3 cases from Dep. II (Medicine). 
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sidcrable weight. At the discontinuance of this treatment she felt very 
tired and weak. She had frequent attacks of palpitation of the heart with 
restlessness and anxiety, sweating, nervousness insomnia ^ 

lime, difficulty in swallowing. In spile of a good appetite slie kept lo.smg 

weight during the following months. 

On admission, 20/2/34 {7 y. months after the discontinuance of the 
thyroid medication) the patient gave the impression of being very ner\- 
ous. The skin was red, moist and warm. There was tremor of the haiuls 
and tongue. Eyes staring. Joffroy’s sign po.sitivc. Thyroid diffusely en- 
larged of soft consistency, vascular thrill. Circumference of the neck 35 cm. 
Right wrist IG cm. Pulse 120. Blood pressure lGO/85. Basal inetabolio rate 
157 % (patient somewhat restless during the determination). Weight 59.3 
kg. Height 1G2 cm. Under confinement to bed and iodine therapy for 
about 5 weeks the patient became somewhat quiescent and gained 5 kg 
in weight. At her discharge her pulse rate wa.s 80, the basal metabolic 
rale 123 %. 

On reexamination, summer 1913, the patient staled .she had been feel- 
ing well since her discharge from the hospital. Her weight had increased to 
8G kg. There was no palpitation, sweat or nervoiisnc.'s, but a .slight tremor. 
No thyrotoxic eye symptoms. The thyroid was rather large, soft. Circum- 
ference of the neck 39 cm, riglil wrist 17 cm. Pulse 9G. Electrocardio- 
graphy: Normal findings. Basal metabolic rate 105 %. Since her di-scharge 
from the hospital the patient has not received any treatment, neither 
iodine nor X-ray. 

Case 2. 

Female, aged 51, wife of workman. Reg. No. Dep. 11, 19 — 6/34. Past 
history of good health. Menopause in 19.32. 

Ten months before admi.ssion, thyroid tiierapy was instituted on 
account of obesity, with a daily dose of 400 units, kept up for a period of G 
months. Under this treatment the weight decreased from 82 to 70 kg. 
After discontinuance of this treatment her weight kept decreasing and she 
lost 10 kg more; at the same lime .she liecame increasingly nervous, having 
tremor and palpitation of the lieart. On admission, 15/5/34 she lu’esenled 
marked anxiety and pronounced tremor of the hands. Tiio skin wasWarm 
and sweating. No definite thyrotoxic eye .symptoms. Slight enlargement of 

le right lobe of the thyroid, of firm consistenev. Pulse 80 90. Blood 

pressure 140/90. Weight GO kg. Height 158.5 cm. Basal motaim’lic rate 

Under treatment with sedatives the patient quietened down in the 
course of g weeks. The weight was stationary and the pulse rale decreased 

125 %. ' ' basal metabolic rate was 


to 


On reexamination, summer 19 43, tho natient slofed i i 

-r. ™ ho, r 


, f hormonal pnit means the amount of lUvrr.«.i 

logiealtcstshas the same effect as 0.001 
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tinually, and she has lost a good deal ot her hair. Her Aveight has increased 
lo 78 hg. Tliere is no tiij'roloxic habitus, no eye symptoms, enlargement 
of ilie goilcr, tremor or sweating. Pulse 80. Basal metabolic rale 101 %. 
Since her discharge from the liospilal the patient has not received any 
treatment, neither iodine nor X-ray. 

Case 3. 

Female, aged 48, wife of greengrocer, Reg. No. Dep. II, 778/42. Past 
history of good health. Menstruation ceased in spring 1941. 

For several years, gradually increasing obesity. Three years before 
admission, institution of thyroid therapy, GOO units daily, lasting for about 
1 yn months. Under this treatment the patient lost about 5 kg in weight, 
but the treatment had to he discontinued on account of a sensation of 
precordial oppression, palpitation of the heart and nervousness. After the 
discontinuance of this treatment the patient at first felt someAvhat heller, 
but lire loss of weight continued — she lost 20 kg more — through the 
following lliree years, and gradually she had increasing nervousness, 
palpitation of the heart, sweating and tremor. 

On admission, 7/4/43, the habitus of the pafient was typically thjTO- 
toxic. Psymliic and motor restlessness; warm moist skin with lively vascu- 
lar reflexes. No thyrotoxic ejm symptoms. 

Thyroid distinctly enlarged, of firm consistency, ivith adenoma of ihi 
right lobe. Vascular bruit. Circumference of the neck 32.5 cm, right wist 
15.5 cm. Carotid pulsation markedly increased. Pulse 100, regular. Elec- 
trocardiogram normal. Blood pressure 160/90. Metabolism 174 %. Weight 
63.3 kg. Height 155 cm. 

Under X-ray and diiodolyrosin treatment the metabolism subsided to 
120 %, and on 20/5 the patient could be transferred lo surgical department 
for thyroidectomy. 

Microscopy of Specimen from Operation: (Warschu).. 

Sections from all three lobes of the thyroid shoAv uniform changes. 
Both micro- and macrofollicular areas are seen, also more adenomatous 
areas Avhere the lumina are qui'e small or altogether absent. The follices 
are varying in size, most often polygonal, Avith Avell-staining colloid con^ 
tent. Marginal vacuoles are seen but seldom. The epithelium is midd mg 
high, Avith round or oval, apparently normal nuclei. Here and there som 
slender projections. No increase in the amount of interstitial connec ive 
tissue, but several areas of round-cell infiltration. No sign of tuberculosi 

or malignant newgroAvth. , „ , • 

Microscopic diagnosis: Micro- and macrofollicular exophthalmic go 

(Avith histologically slight reaction to iodine therapy). 

Case 4. 

Female, aged 53, single, telephonist. Reg. No. Dep. Ill 554/43. P® 
history of good health. Menstruation ceased in 1940. 
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Id 1934-35, thyroid tiicrapy on account of ohesily, with a daily dose of 
up to 4 tablets No. IV flCOO units) — a total dose of several Ihou.saiul lat>- 

lets • 

The treatment was discontinued for economical reasons, hut ever since 

the patient had palpitation of the heart, increasing nervousness and tre- 
mor. During tlie last six months the symptoms increased greatly m inten- 
sity, and the patient lost 11 kg in weight. Profuse sweating. 

On 12/3/43 the patient was admitted to the Psychiatric Dep., where her 
basal metabolic rate was measured to be 140 and 1.37 %. On her transfer to 
the Med. Dep. on 24/3, her habitus was typically thyrotoxic. Skin red and 
u-arm, with pronounced dermographism. 

No definite thyrotoxic eye symptoms. No di.slincl enlargement of the 
thyroid. Fine rapid tremor' of the hands. Pulse Cl, regular, Electrocar- 
diogram normal. X-ray examination: Slight dilatation of the heart. Blood 
pressure 155/85. Weight 02. 4 kg. Height 1G5 cm. 

Under iodine treatment the basal metabolic rale decreased to 121 %, 
and on 11/4 the patient could he transferred to the surgical department 
for tli 3 'roidectomy. 


Microscopy of Specimen fro?)} Operation (ICjror). 

Sections from tlio thyroid show several largo, somewhat grouped, close- 
packed follicles. Tlie epithelium is cuhoidal, in a single layer, more flat in 
many places, especially in the middle and left lobes. In the right lobe it is 
generally somewhat higher, often with lidges or projections, besides margin- 
al vacuoles in the otherwise homogeneous and well-staining content. 

The right lobe presents here and there some small parenchymatous 
areas. The stroma contains several clusters of lymphocytes, here and there 
larger accumulations of such cells, but olhonviso no particular abnorm- 
ality. No sign of tuberculosis or malignancy. 

Microscopic diagnosis; Exophthalmic goiter (with fairly strong histo- 
logical iodine reaction). 


Discussion. 


In tlie couise of time, various views have been advanced con- 
cerning the coniieelioii between thyroid incdicainenlalion and 
the development of toxic goiter. 


It does not seem very likely that it might be a matter of acci- 
dental coincidence when a direct transition has been observed 
froin medicarnental thyrotoxicosis to florid bypertbyroidism. No 
doubt this combination has been far more frequent tJinn would 
correspond to an accidental coincidence, and the mimbhr of sucli 
cases described is hardly likely to give any impression of the real 

dZnTL thrairr' ^^^s phenomenon will 

depend on the attention paid to this possibility. Thus Eggcrt 
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(15) found 2 cases among- 150 patients wtli exophthalmic 
goiter and Thune Andersen (1) found 3 cases of this kind adnuUed 
in a little over one year to one medical department. 

On the background of the extensive employment of thjToid, 
preparations in the treatment of patients -vath obesity, however, 
these cases are so infrequent as to suggest that it requires a cer- 
tain disposition in the patient if thyroid medication is to give rise 
to hyperthyroidism, hlost of the cases reported in the literature 
have developed in ^Yomen at or over the climacteric age, but this 
relation is probably due merely to the frequent occurrence of 
obesity just in this age-class. Indeed, instances of this lesion have 
been described also in younger women (3, 4, 6, 20 and our Case 1] 
and even in two men (17, 18). In the cases of the latter categorj', 
however, the symptoms subsided spontaneously within a fev 
months. 

Tlie development of these cases appears not to be dependent oi 
the amount of thjToid given the patient nor the duration of th 
treatment. In some patients the affection develops after a rathe 
moderate medicamentation. 'Dius one of Eggert Moller’s (13) 
patients received 300 units daily for a little over one month and 
about 6 months later she died with severe thjTotoxicosis, while 
one of Thune Andersen’s (1) patients had received 1200 — ^2400 
units daily through 1 year. 

It is hardly practicable on the basis of our present knowledge 
to explain how the administration of thyroid might give rise to a 
lasting hyperfunction of the thyroid glands. 

It is the prevailing view that thjToid preparations either have 
no affect on the thyroid gland or that perhaps they loAver the func- 
tions of the gland. 

In histological studies on the thyroid, however, Krogh, Tiud- 
berg & Okkels (9) found one specimen to present features resem- 
bling those characteristic of toxic goiter, and this specimen was 
obtained from a patient who had taken altogether 1.4 kg of dried 
thyroid in the course of 5 — 6 years. In experiments on guinea-pigs 
no changes were found in the thyroid after peroral administration of 
dried thyroid tissue or subcutaneous injection of thyroxin for one 
week. Peroral administration of dried thyroid tissue for 8 months 
resulted in accumulation of colloid in the alveoli of the thyroid and 
slight atrophy of the follicular epithelium. 
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llie possibility has been considered that the administration of 
thyroid might give rise to a dysfunction of the pituilaiy wilh 
increased production of thjTotropic liormone. But as far as 1 have 
been able to find out, there is no experimcnlal basis for this hypo- 
thesis. 

It has further been emphasized as a probable jiossibilily that 
thyroid administration might bring about an abnormal function 
of the vegetative nervous .system which then Avould stimulate the 
thjToid to increased function (13). 

Possibly these cases come about as the result of several coopera- 
tive factors. In animal experiments it has been practicable to 
produce exophtliahnus by administration of various substances 
slimulaling the sjmipathetic ncrv'ous .system — c.g., cphcdrinc. The 
dose required for this effect is dcerea.scd by simultaneous admin- 
istration of thyroxin, which in itself has no such effeel (8). Cor- 
responding phenomena have been observed in man in a few exper- 
iments (10, 19). 

All told, however, it is hardly possible at present to give any 
satisfactory explanation of the fact that llyroid adminislralion in 
certain cases is followed by the development of cxojihthalmic goiter 
Still, the mere possibility of the development of such cases — 
apart from our knowledge of other risks — makes it reasonable 
to hold that the cmplojmient of thyroid preparations in the treat- 
ment of patients with exogenous obesity lias to be abandoned. 


Summary. 

A report is given of four cases of Gravis disease which dcvel-. 
oped in direct connection Avilh thyroid treatment for obesitv 

•7 * 
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The Smooth Tongue.^ 


By 

MOGENS FABER. 

(Subiniltcd for public.allon J.nmiary 2, 19ir>). 


It is part of ilic routine physical examination of a patient witli 
an internal complaint to examine the oral cavity. Wlicn the com- 
plaint is not localized to this place the examination nill in all e.s.scn- 
tials involve tlic conditions of the IceUi and the .surface of tlic lon- 
gue. As a rule, the examination of the longue is very cursory, and 
the findings are of no great significance except in special cases. 

Wlien examining the tongue one pays attention to the ap])car- 
ance and the extent of tlic coaling; especially as an indication of 
dehydration or an acidosis (Kirk), and one vill look for signs of 
atrophy of the papillae of tlie mucous membrane. In rare cases the 
mucous membrane, and then especially the papillae, may be edema- 
tous, either universally or more localized. In other vord!;, the main 
intere.sl concerns the appearance of the papillae, or , their possible 
absence. 

This is quite contrary to what the pliysicians used to think 
regarding the conclusions to be drawn from an examination of the 
surface of the tongue. To the old-time physician the appearance of 
the surface of the tongue meant a great deal, especially, perhaps, in 
the diagnosis of diseases of the stomach. One remembers the saying 
))the tongue is the mirror of the stomach,). It was mostly the increased 
coating whic h in this connection was watched with interest. Today, 

‘ Aided by a grant from the P. Carl Petersen Foniulnlion, 
n — Ada med. scandinav. Vol. CXXI 
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however, it is actually so that the physician is not so much inte- 
rested in the coated tongue as he is in the very opposite phenome- 
non, the smooth tongue. That the coated tongue has lost most of 
its significance — except for a group of self-interested neurasthe- 
nics — is, inter alia, due to Fuchs (1898) who verj'^ clearly demon- 
strated that an increased coating of the tongue first of all is due to 
a reduced mechanical cleaning of the tongue. Thus it is a purely 
local phenomenon, and cannot justify any conclusion as to a 
simultaneous morbid process in the stomach. The explanation of 
the earlier belief is found in the fact that the coating increases 
during the anorexia which is associated with acute gastritis. 

The meaning of the smooth, atrophic mucous membrane of the 
tongue is not yet understood. Since the interest in the phenomenon 
is growing it seems reasonable to subject it to a closer scrutiny. ■ 


Earlier Investigations. 

Etiology. 

The significance of the non-coated tongue was actually not 
realized until after the publication of Hunter’s monograph (1901) 
on pernicious anemia. Hunter described how in several cases of 
typical pernicious anemia he observed an affection of the tongue. 
Subjectively, this affection was characterized by pain, frequently 
rather severe, and especially pronounced during eating. On the 
tongue itself he observed red patches, almost void of mucous mem- 
brane, frequently with fluid-containing vesicles, and primarily 
localized to the tip and the margin of the tongue. In between 
these patches the mucous membrane was generally smooth and 
atrophic, but never as red as the patches. Hunter considered tliis 
affection of the tongue characteristic of pernicious anemia. 

Prior to Hunter several authors haid noticed the frequent 
affection of the tongue in pernicious anemia. Thus it is mentioned 
in some of the cases related by Muller, Laache, Eichhorn, Hale- 
White, and Bramwell. The earliest mention of the phenomenon as 
associated with anemia, undoubtedly inclusive of pernicious ane- 
mia, must be attributed to Dawson (1846). 

The glossitis in pernicious anemia often appears several years 
•before the anemia becomes manifest (Reimann). Thus Schaumann 
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mentions a case of pain in the tongue for 5 years before the anemia 
^vas diagnosed, and of Heyn’s 39 patients, 0 had glossitis for over 
3 years. Before the introduction of the liver treatment it was fre- 
quently observed that the glossitis fluctuated in intensity with the 
anemia. During liver treatment the glossitis will practically always 
disappear-ahvays before complete hematological remission is 
reached, and frequently before the reticnlocyle crisis. Tliercaflcr, 
as long as the treatment is sufficient, the tongue will be natural, 
but a return of the glossitis will be rather a sure sign that the the- 
rapy is insufficient (Oalway and Middleton, Isaacs, SUivgis and 
Smith). An increased dose will cause the glossitis to disappear once 
more. Huston alone claims to have observed a case where affection 
of the tongue remained after full remission had been obtained by 
means of liver. This tongue however was completely atrophic and 
smooth on the surface and did not resemble the typical Hunter 


glossitis. 

It is especially after the introduction of the liver treatment that 
investigations have been pursued regarding the superficial glossitis. 
It Avas then found that other disease.s besides pernicioms anemia 
could produce similar phenomena. 

Long before Hunter, itloller (1851) described some »chronic 
excoriations)) on the tongue in women, most of whom were bothrio- 
cephalus carriers. These excoriations looked exactly like the red 
patches that Hunter described in the case of pernicious anemia. 
Later several investigators have confirmed the presence of glossitis 
in patients Avith liothriocephalus anemia. 

A similar affection of the tongue is obser\'ed also in the ense of 
other hyperchromic anemias. Thus Larabec, as the first, describes a 
case of pernicious anemia of pregnancy accompanied by a smooth 
tongue and red edematous patches. 


Far more pronounced, but of another appearence, is the 
affection of the tongue in the form of anemia which is characterized 
by the Plummer-Vinson syndrome first described by Plummer 
1914, involving dysphagia, hypochromic anemia and glossitis. 
Later it has been treated by Kelly, Patterson, Vinson, Wilts and 
Valdenstrom. In all these papers the glossitis is characterized 
as a pure atrophy of the mucous membrane, and it is described 
how the tongue despite the anemia, frequently is strongly red 
Lke the patients amUi pernicious anemia, these patients^om- 
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plain of pain in the tongue. Moreover, the Plumm.er-Vinson pati- 
ents suffer from dysphagia. In most cases treatment -with iron 
succeeds in mitigating the affection and make the tongue natural 
again. IMost frequently it is a question of iron deficiency — which 
agrees with the circumstance that typical cases are found without 
anemia, but vith low values of the serum iron. 

There is hardly any doubt, however, that the limiting of the 
Plummer-Vinson syndrome to hypochronic anem.ia is not suffi- 
ciently inclusive. Several authors (Jones and Owen, Witts) de- 
scribe cases Avhere the anemia that accompanies the dysphagia is 
hyperchromic, and where tlie dysphagia disappears with the liver 
treatment of the anemia. Several other cases of the Plummer-Vinson 
syndrome are described, where the cause is not iron deficiency, hut 
other deficiency diseases, and then practically always involving an 
insufficiency of vitamins of the B-group (Jankelson). There seems, 
however, to be two Idnds of avitaminosis, viz., ariboflavinosis and 
pellagra, which are of special interest in this connection. 

\Vlien Sebrell and Butler in 1938 first described ariboflavinosis, 
they paid special attention to the changes of the lips and the skin. 
According to later description by Sydenstriker and co-workers, and 
by Lundh and Geill, affection of the tongue may also occur, and 
then always in the form of a smooth naked tongue. It seems as if 
a smooth tongue in patients with an avitaminosis must be consi- 
dered a definite sign of ariboflavinosis. 

In pellagra too we find a typical glossitis. In the pure form of 
pellagra, without other avitaminoses than nicotin amide deficienc}^ 
the tongue will be a bright red and edematous »d’un aspect fram- 
boise)), and only when other deficiency occurs at the same time the 
tongue will be naked and smooth. (Justin-Besancon and Lwoff.) 

In addition to these avitaminoses, where a further analysis is 
possible, the literature describes numerous cases of glossitis in 
patients whose diet has been such that there is reason to suspect 
an avitaminosis as a contributing cause. Thus Keefer describes 
cases, in China, of hypochromic anemia accompanied by nutritio- 
nal disturbances of other kind, all with a smooth tongue. One may 
also mention the cases of glossitis which Akroyd found in India, 
though it seems most natural to suspect an ariboflaAnnosis. More- 
over, there is the simple glossitis mentioned by Garcia as observed 
during the Spanish civil Avar; it appears to resemble the pellagra 
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.Glossitis. Within the same category belong in all probabilRy the 
cases Avhich Degos et al and Beebes describe, of 
and reduced secretion of the externally secreting glands. It n a> be 
presumed that the grouping also should include the gradually in- 
creasing number of cases Avith aAdtaminoses developing after opera- 
tion of the intestinal tract. 

Frequently, hoAvever, it is difficult to evaluate these investiga- 
tions, especially vith respect to the affection of the tongue, smcc, as 
a rule, the authors do not give a sufficiently explicit description 

of the appearance of the tongue. 

Besides in the cases of these deficiency diseases the tongue may 


be completely smooth during the early stages of azotemic uremia 
(Fishberg), but during later stages a rather hca\y coating is more 


commonly found. 

The type of atrophy of the mucous membrane of the tongue 
observed in patients Avith idiopalic xerostomia appears to liaA^e 
escaped general notice. The earliest descriptions mention that the 
tongue as a rule is free from papillae, smoothly glazed or cxhiliiting a 
nubbled surface, like a kind of lingua scrolalis (Hutchinson, Fellens). 

Among the earliest inA'cstigalors Avho dealt Avith the smooth ton- 
gue it A\'as agreed that in by far the most cases this phenomenon Avas 
an expression of a reduced gastric secretion. The idea is supported 
by the fact that it is in the very diseases mentioned aboA'e that 
achylia gastrica is most frequently found. The question has been 
thoroughly investigated by Arne Faber, Avhosc purpose it Avas to 
find out Avhether it Avas possible, on the basis of tlie appearance of 
the tongue, to diagnose gastric achylia, so that tlie test meal might 


be aAmided. In all cases Avhere he found an atrophic mucous mem- 
brane of the tongue he also found gastric achylia, but the latter Avas 
also found in patients Avith normal longue. CoberL and MoraAvilz, 
Avho investigated the same question, found only a ])osiliA'c atrophy, 
of the mucous membrane of the tongue in patients Avith pernicious 
anemia, Avhile otherAvise they found no association Avith gastric 
achylia, though by far most of the patients Avitli atrojiliy of the 
tongue suffered from this disease. They pointed out, hoAvcver 
llmt the atrophy did not appear until old ago, and perhaps should 
be interpreted as a link in the general senile changes. 

What is said here shoAvs that the literature presents a number 
of reasons for the occurrence of an atrophied mucous membrane of 



184 


MOGKKS rAHEH. 


the longue, jMoreovcr, the majoritj’’ of autliors arc agreed that this 
affection is found almost exclusively ^in the old, and^first’of all in 
Avomen. 


H istological Invest igat ion . 

Histological investigations of the smooth longue all shov the 
same. Tims 'S^'alilgi-en finds that the epillielium is Ioav, 'nilh con- 
siderably reduced cornification. The usual cornification of the tips 
of the papillae is lacking, and is found only between the connective 
tissue papillae. The latter are, especially in old age, considerably 
below normal height. In the connective tissue only' moderate signs of 
inflammation are seen. That the connective tissue papillae are 
lower, but as a rule existing, is also shovni intra vitam by' Henning 
in microscopy' of the longue. An idea of the amount of cornified 
tissue that can be found on a tongue may be gained through A'ital 
staining with methy'lene blue (Henning). 

The present author has been unable to find any' description of 
the mucous membrane of the tongue as regards the red patches in 
pernicious anemia. 

Pathogenesis. 

The pathogenesis of tlie atrophy' of the mucous membrane of the 
tongue is still unexplained. Waldenstrom’s theory is the first one 
proposed. He considers the atrophy a sign of a deficiency' disease 
that especially attacks the surface epithelium. Iron deficiency should 
be the most important factor in this connection, but also deficiency 
of other substances should give rise to the same sy'mptoms. Other 
symptoms of the affection should be the red lips, the fissures in the 
corners of the mouth, the brittle, grooved nails, and achy'lia gastrica. 
The theory' is tempting, but, as will later be shown, it is hardly 
adequate. 

In an earlier paper (M. Faber 1942) the author has discussed the 
symptoms in xerostomia and mentioned how frequently' this disease 
is accompanied by a smooth tongue. This has led to tlie proposal of 
a "working hypothesis to the effect that in all cases a reduced sali- 
vary secretion is responsible for. the smooth tongue. The idea will 
now be discussed in detail. 
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Own Investigations. 

The author’s material includes 51 patients, being all patients 
Tvith complete or partial atrophy of the mucous memlirane of the 
tongue that were observed, during the period of study, at the 
IMedical Policlinic. To these should be added 3 patients with Hun- 
ter’s glossitis and one with pellagrous glossitis who were examined 
at the same time or later. 

Of the patients 51 showed a complete or partly loss of the 
papillae on the dorsum of the tongue. Tliis atrophy is very charac- 
teristic. In the milder case there is, as a rule, observed sj^mmetric- 
ally 1 cm large patches, with no papillae, on the dorsum linguae. 
On the remainder of the tongue the papillae are generally small, 
and there is hardly ever observed anj’ coating. In the more severe 
cases the papillae are lacking over still larger areas of the tongue 
and in the most severe cases not a single filiform papilla can be 
observed anywhere. The mucous membrane becomes absolutely 
smooth, and the tongue may have the appearance of a glazed sur- 
face. In such cases the tongue is frequently small, atrophic. In the 
severe cases, especially those that have lasted for years, tlic surface 
is less smooth, having a nubbled appearance. The epithelium is 


Table 1. 


Diagnosis 

Male 

Female 

Total 

Pcniicious anemia 

3 

3 


» » of pregnancy . . ■. 

0 

3 


Sideropenic anemia with gastric aclivlia 

0 

7 

H 

» » willioiu * » 

0 

2 

■■ 

Syndroma Pinmmer- Vinson 

2 

2 

4 

Gastric achylia without anemia 

0 

10 

10 

Cancer ventriculi 

0 

1 

1 

Sprue, non-tropical 

0 

1 

1 

Aribollavinosis 

1 



Diabetes meliilus 

0 



Stomatitis aphtosa 

0 


1 

Sialoadenitis chronica fprimary) 



■I 

Xerostomia krj’ptogenica witliout gastric achylia 



H 

Total 

10 
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Fig. 1. 


then so dry and sntooUi that winkles apjjcar Avlien one presses on 
it Avilh a spatula. In the milder eases the longue is usually of a nor- 
mal colour, hut in tlic severe ones it is a l)right red, even if the pati- 
ent at the same time suffers from a rather pronounced anemia. The 
explanation mu.st he that in these severe cases the mucous mem- 
brane is extremely thin. In the severe cases the internal mucous 
mem.hrane of the cheeks looks just like the mucous membrane of the 
longue — it is bright read and »gla7.cd». 

The investigation also includes 4 cases of Hunter’s glossitis, 
i. c., Avilh red patches on the li]) of the longue and along the margin, 
with edematous papillae in the red parls of the longue, and with 
rather pronounced pains in the longue. One of these patients also 
showed atrophy of the papillae on dorsunr linguae. One other case 
deserves special mention, viz., that of a patient with a bright red 
tongue without coating, edematous, and somewhat smoothed off. 
The patient also suffered from severe glossodynia. The case was 
diagnosed as monosj^mptomatic pellagra. 

Table 1 gives a remeAV of the diagnoses for the patients wiUi 
atrophy of the mucous membrane. It will he seen that the material 
includes nearly all the diseases whieh according to the literature are 
responsible for the smooth tongue. Hence there should be no rea- 
son for going into the details of these, diagnoses. Attention, how- 
ever, is called to the relatively large number of patients Avith 
chronic sialoadenitis. The table also includes 6 cases of pernicious 
anemia. In these cases the tongue Avas smooth; only in one case 
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the typical I-Iunler glossitis loo was cncoiinlorcd. Tig. 1 also shows 
the distribution by age. It will be seen that the middle-aged 
predominate. This distribution is probably much influenced by 
llie age di.stribution of the patients consulting the Policlinic, a 
much greater number being expected from the higlier age cla.ses. 
The figure also .shows the distribution l)y sex. As expeded, most of 
the patients are women, only 10 being men. 

H we now turn to the question of the cause of this alro})hy of 
the mucous membrane of the tongue we find, as mentioned above, 
no satisfactory amswer in the literature. Waldenstrom’s theory is 
inadequate. Thus it makes no attempt to differentiate between the 
purely atropine mucous membrane and the more locali'/ed forms of 
glossitis which are found in ])crnicious anemia. Moreover, it cannot, 
explain the forms of atrojdiy which arc found in patients who sliow 
no sign an any deficiency disea.se. Nor can Waldenstrom’s theory 
account for the smooth longue observed in infants during the first 
few weeks. 

In some cases the explanation is quite simple. Thus the present 
material includes a patient with a partly atrophic mucous mem- 
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brane of the tongue -where the atrophy must be considered due lo 
an aphtous stomatitis that has persisted for years. Tlie recurring 
aphtae have in this case led to a destruction of the mucous mem- 
brane, so that papillae are no longer formed ^vhen the aphtae are 
healed. The same mechanism is seen, e. g., in the case of large cor- 
rosions. 

The other patients -with atrophy of the mucous membrane may 
be grouped together, if -we apply another point of view. It has been 
mentioned that a smooth tongue frequently is observed in severe 
xerostomia — it would therefore seem natural to measure the sali- 
vary secretion in all cases of smooth tongue. At first this was done 
simply by placing a lump of sugar under the tongue and measuring 
the time it took for the sugar to dissolve. Later the saliva has been 
collected quantitatively (M. Faber). The cases where the saliva has 
been collected are included in fig. 2, together "with the results from 
a normal material selected among patients who did not have any 
disease which, according to experience, reduces the salivary secre- 
tion. The figure shows that practically all p'atients with atrophy 
of the mucous membrane have reduced salivary secretion below 
the lower border of the normal. The only exception is the above 
mentioned patient with aphtous stomatitis. We find practically 
the same picture in the case of the patients who have only been 
subjected to the sugar test. 

The salivary reduction in these case has, as the figure shows, 
been extremely pronounced. Thus it seem.s that in these patients 
with atrophy^ of the mucous membrane of the tongue one may 
always expect a reduced salivary secretion. Hence it should be 
reasonable to assunre tliat it is this reduction of the moisture on 
tlm mucous membrane that is the direct cause of the atrophy. 

That changes may occur in the surface epithelium when tlie sec- 
retion from the glands that moisten a mucous membrane beco- 
mes too low is well known from observations in connection W'ith 
conjunctiva and cornea. Here it is demonstrated by Sjogren that 
the filiform keratitis almost exclusively is found in patients with 
reduced lacrym.al secretion, and that it occurs unilaterally when 
a lacrymal gland is removed. It may be mentioned, moreover, that 
in patients with reduced vaginal secretion there can been seen a 
change of the vaginal epithelia resembling that of the mucous 
membrane of the mouth. 
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The case of the infant is of interest. At IhiTh the longue has a 
slight coating Avhich again disappears during the first ten days. 
During the next 2 to 3 weeks the infant’s tongue is sinootli and a 
bright red, like the mucous incmbranc of the mouth, and docs not 
look much different from tlic atrophic mucous membrane in adults. 
During the same time the mouth is dr}% without saliva, and it is 
during this period that the children arc most troubled by thrush. 
At the age of 2 to 3 weeks there suddenly appears a fine while coal- 
ing, at the same time as the salivarj' glands begin to show increased 
secretion and the child salivates. That the child is born with a 
coating of the tongue is probably due to the circumstance that in 
the uterus it has had sufficient moistening of the mouth cavity 
from liquor amnii. 

It is only in infants and adults of advanged age that the longue 
becomes completely smooth when the salivaiy secretion falls. That 
the phenomenon is found in infants is undoubtedly due to the 
circumstance that the connective tissue pajiillae which form the 
basis for the cornification as yet arc so small. In old age these papil- 
lae have decreased in size, as showii, for example, by ^^'ahlgrcn. 

In the intervening years it is rare to find absolutely .smooth ton- 
gues, In the ver)' young one observes a distinct decrease in Die 
coating of the tongue. In the somewhat older there is observed a 
partial atroph}', localized to the middle of dorsum linguae, and not 
until tl;e higl er ages do wc find the total atrophy as the most fre- 
quent form. Often the impression is that the mucous membrane of the 
tongue in older people may be prepared, so that a relatively small 
change in salivar>^ secretion rapidly may lead to a smooth tongue. 
Thus the author in two cases has observed cerebral thrombosis 
accompanied ly a reduction of the .salivcry secretion, which in the 
course of less than 24 hours resulted in a previously normal mucous 
membrane of the tongue becoming smooth and of a bright red 
colour; later, when the sccreTiou again increased, the mucous mem- 
brane assumed its normal appearance. Moreover, there is no doubt 
that the degree of drjmess which is found in the mouth is of con- 
siderable importance. The author has had the opportunity through 
several years to observe a boy, now 15 years of age, who suffers * 
from a congenital aplasia of the salivary glands. \Yhen first exa- 
mined, the mucous membrane was not definitely pathological 
showing variations between a strong coaling and a naked tongue 
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with small papillae. When last seen the tongue was nubbled an 
covered with a fine tliin epithelium, but without tlie slightest trace, 
of papillae. The secretion was now so poor that not even the work 
of mastication could produce any saliva. If that had been the case 
the atrophy would probably never have advanced so far. 

In the introduction it -svas mentioned that it has been tried, 
at least with some justification, to associate the smooth tongue vith 
achjdia gastrica. The idea seems natural when considering the re- 
duced salivary secretion as responsible for the atrophy of the 
mucous membrane. In an earlier paper the author has shown that 
tliere is an intimate relationship between a reduced salivary sec- 
retion and a reduced gastric secretion (M. Faber), and that this 
observation might be extended to apply to a universal sicca syn- 
drome comprising m.ost of the externally secreting glands (Degos 
and co-workers, Beebe) — a syndrome wdiich in adults often has 
the appearance of a pronounced Plunrmer-Vinson syndrome. Thus 
it is not surprising that the patient with achylia gastrica so fre- 
quently has a smooth tongue. On the other hand, since the reduc- 
tion of the secretion does not necessarily run parallel in the two 
glandular systems, it is quite natural too that the smooth tongue 
is not invariably found in cases of achylia gastrica. 

While the smoot atrophic tongue thus may be explained on the 
basis of a reduced salivary secretion, the situation is different in 
the case of the typical Hunter’s glossitis. As already mentioned, 
the author has made investigations of the salivary secretion in 4 
patients with this affection in connection with untreated pernicious 
anemia. The salivary secretion of the patients is recorded in table 2. 
It will be seen that one patient, who also has a smooth tongue, 


Table 2. 


No 

Sex 

Age 

Diagnosis 

l5gbl 

% 

R.B.C. 

Index 
col. , 

Salivary 
secretion 
at rest ml. 
pr. min. 

1 ■ 

]M 

63 

Pernicious anemia 

55 


1.22 

0.38 

2 

M 

34 

r> P 

104 

4.75 

1.00 


3 

K 

69 

» 9 

50 

1.76 

1.40 

0.32 

. 4 

M 

61 

» • 9 - 

'75 


1.30 


5 

M 

38 

Pellagra 

98 


1.03 

1.82 
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I'ifi- -i- 

sllo^YS reduced salivary secretion, vliilc the three others show nor- 
mal secretion. The same table shows the salivarj’ secretion in n 
patient with an affection of the tongue which is considered a case 
of monosymptomalic pellagra. His salivary secretion shows an in- 
crease, so that the basal .secretion is ns strong as after stinnilafion 
with pilocarpine. After treatment with liver extract the secretion 
falls in the course of 2 days to norma! value.s, at the same time as 
the alterations of the tongue disappear. l'"urlhcr data on sueli cases 
are desirable. 

According to tlicse few orienting investigations the isolated 
Hunter’s glo.ssitis must be considered an affection entirely diffe- 
rent from what we call the smooth tongue. In support one may cite 
the extremely short life of tlie affection, patches frequently appearing 
one day and being gone the next, even if no treatment is given. 
At any rate, they disappear promptly upon liver treatment. It is 
quite otherwise with the smooth mucous membrane when encoun- 
tered in patients with pernicious anemia. Fig. 3 shows how the 
salivary secretion slowly' rises during the liver treatment, and not 
until it has reached the low normal value of 0.2 ml pr minute is the 
atrophy seen to disappear after 14 days of treatmcjit. The Hunter 
glossitis on the other hand disappeared 2 days after the first liver 
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trealmenl. If tlie reduced salivaiy secretion lasts for a longer 
period of time there may develop, secondarilj', a chronic inflam- 
mation of the salivary glands with the result that the atrophy of 
the mucous membrane becomes permanent. This is the phenome- 
non that Huston has observed, and the present author has seen a 
somewhat similar case in a woman where, notwithstanding liver and 
ventricular preparations and complete hajinatological remission, 
the tongue remained perfectly smooth. This patient had a salivaiy 
secretion of only' 0.008 ml per minute. 


Summary. 

On basis of the literature a review is given of the diseases 
in which an affection of the tongue may' he expected. It is concluded 
that one must differentiate between — on the one hand — a smooth 
atrophic mucous membrane of the tongue, as seen, for example, in 
iron deficiency' anemia, ariboflavinosis, gastric achylia, and some- 
times in pernicious anemia, and — on the other hand — the affec- 
tion of the tongue which is found in other patients vith pernicious 
anemia, and which in its classical form is described by Mfiller and 
Hunter. A third type of glossitis is observed in pellagra. 

Examination of 51 patients -with smooth atrophic tongue shows 
that the salivary' secretion is always reduced, except in the rare 
case of a local cause like aplitous stomatitis. This fact is in contrast 
to what is found in other ty'pes of glossitis where the salivary secre- 
tion is normal or increased. It is shown that the reduction of the 
salivary secretion (with the exception mentioned) is found in all 
forms of smooth tongue, and that the mucous membrane of the 
tongue again becomes normal when the secretion rises to normal 
values. On the basis of these and various other observations it is 
concluded that the atrophy of the mucous membrane must be due 
to the xerostomia. 
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Studies on the effort syndrome. 

I. The Patients’ Capacity for Work and the Variations in the 
Arterial Pressures and Pulse Rate During Muscular Work Com- 
pared with the Conditions Found in Normals. 

By 

B. CHR. CHRISTENSEN, M. D. 

(Submitted for publication June C, 19-14). 


The effort syndrome. 

Tlie carrying out of great muscular works will always provoke 
symptoms from the circulatory and the respiratory organs. The 
promptness with wliicli tliese symptoms are provoked varies from 
one individual to tlie otlier dependent on constitution, training etc., 
and also within one individual dependent on tiredness and working 
condi tions. There is practically a smootli transition from tlie response 
to muscular work of the normal, well-trained organism to the 
response of the invalid. How'ever, there is found a ratlier well 
defined group of persons in whom even slight muscular exertions 
provoke various symptoms, which have been regarded as signs 
of an insufficiency of the circulation, tiiough a tliorough general 
medical and a special cardiological examination afford no basis 
for an organic affection, especially not of tlie lungs and tlie lieart. 
Tlie most frequently occurring symptoms in these persons are 
dyspnea, palpitations, precordial sensations, fatigue, giddiness, 
tremulousness, and in pronounced cases fainting fits. 

^ Tlie investigations have been carried out witli financial support from Die 
Kong Cliristian den Tiendc’s Fund and from Miss P. A. Brandt’s Scholarship. 
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Nomenclature and Hislonj. 

Tlie abnormal response to work was first described by llarLs- 
horne (1864) under the term »Muscular Exhaustion of the Heart'' in a 
work on cardiac affections in tlic American army during Ihe Civil 
War. He is of the view that the .symptoms are due to overslrain 

of tlie heart. 

Some years later DaCosta (1871) gave an e.xhaustive account, 
of the affection, called by him olrrilablc Heart". On the basis 
of 200 cases a detailed description is given of the. symplomalo- 
log)’ of the affection, to which later writers have had nothing 
of importance to add. DaCosta sa^'s expressly tlial. the affection 
may also be obseiwcd in other persons than soldiers. 

About the same time the affection was mentioned by Arthur 
B.R. Myers (1875), who observed it in the British soldiers in India. 

As already' pointed out by DaCosta this affection is found both 
among civilians and among soldicm. As, however, tlie symptoms 
are provoked by bodily exertions it is quite natural that it should 
be mainly army physicians who occupy themselves witJi tlic affec- 
tion, and tliat this affection is in a particular degree made an 
object of investigation during wartime, wlicn many in part untrained 
indi%iduals are exposed to' great bodily exertions. 

During the War of 1914 — IS c.specially Thomas Lewis and 
collaborators bestowed much labour on finding the cause, of the 
abnormal response to Avork in, to all appearance, normal indivi- 
duals. During the War the British official militarj’ term of the 
affection Avas »Disordered Action of the Heart", abbrc\dsted to 
»D.A.H.». 

In Thomas LcAvis’ and his collaborators’ first report on tlic 
affection (iMcakins, LcaaTs, and othens, 191G) tiicy used DaCosla's 
term "Irritable Heart". 

At a later stage of this investigations LcavIs introduced the term 
"Effort Syndrome" for this pathological picture, and he defined it. 
as folloAvs (1919), "When 1 use the term "effort syndrome" 1 have 
in mind the symptoms and signs Avhich follow exercise in health; 
but I believe that I i-ecognise the same or a very similar group' 
of symptoms in a large cla.ss of patients in ill-health. In patients 
of this class, if no signs of disease are anyAvherc discovered, I 
say that they suffer from the "effort syndrome". The difference in 
13 — Ada med. scandinau. Vol. CXXl. 
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symptomatology which exists between health and this form of 
ill-health is largely a difference in degree; the gauge is the amount 
of work which, performed in a given space of time, will provoke 
the symptoms!). 

The American investigators who during the War collaborated 
with Lewis were not content with the term »effort syndrome*, 
for w’hich reason they proposed the name of meurocirculatory 
asthenia)). Paul D. Wliile, (Craig & While 1934) pointed out, in 
contrast with Lewis, that there is a ciualitative difference between 
the response to work of the patienLs mentioned here and that 
of the normals, for which reason they preferred the term »neuro- 
circulatory asthenia» to Defforl syndrome)). 

The German witers occupying themselves with the same subject 
are of opinion that the underlying affection is a neurosis, as appe- 
ars plainly from their nomenclature, thus for instance .‘Vsehenheim 
(1915) termed the syndrome »neurosis cordis». 


Etiology. 

Some WTiters (Asclienlieim (1915), Farlane (1918), Bainbridge 
(1919), Barlow (1920), Kerley (1920), and Rotschild (1930) point 
out the universal or contingently cardiovascular constitutional 
weakness as the main cause. 

Others attach the greatest importance to a previous latent 
or manifest infection (DaCosta (1871), J. Parkinson (1916), Fried- 
lander & Freyhof (1918), Trotter (1918), and Farlane (1918)). 

Craig cfc White (1934) have found, however, on an analysis ol 
100 cases of the effort syndrome among civilians, that past infec- 
tions play but an insignificant part in proportion to the psycho- 
neuroses. 

It has also been maintained that the cause should be a liyper- 
thyreosis (Barr (1916), Stoney (1916), C. P. White & Hernaman- 
Johnson (1916), and Brooks (1918)). 

The significance of preceding bodily overstrain for the occur- 
rence of the syndrome has been emphasized by Hartshorne (1864), 
Grober (1914), Kraus (1915), Fiirbringer (1915), and finally by 
Miinter (1915), who adds that the cause that young people cannot 
endure bodily exertion is »der gewaltigen Schadigungen des Kultur- 
und Zivibsationslebens unserer ZeitD. 
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Gradually, however, the view has become prevalent that in 
the majority of the oases it is a psychoncurosis that causes the 
different symptoms (Graul (1915), Schott (1915), Abrahams (101/), 
Robey & Boas (1018), Oppenheimer & Rothschild (1918), Musser 
(1919), Culpin (1920), Fraser (1910), and Spillanc (19J0)). 

It is to be presumed that habits of life, occupation, etc. aic of 
significance at the occurrence of the syndrome, and it appears 
from Lewis’ statement (1918) that about half of the affected sol- 
diers had before the call-out been engaged in sendentary work 
and had never done any kind of sporting. As to the habits of life 
it cannot be decided with certainty whether they are e^ipablc 
of bringing about the syndrome, or M’hcther they are caused by 
the syndrome. 

By way of summing up it nmy be said that all existing or past 
physical and mental affections together with prolonged bodily 
overstrain reduce the pliysical capacity for work of the indi- 
viduals in question so that they lire rather quickly. But the cases 
of abnormally prompt exhaustion in which tlie underlying affection 
is known ought not, however, to he included under Die term of 
effort syndrome, which should be applied exclusively of the cases 
with typical symptoms from exertion in apparently perfectly nor- 
mal persons. 


Pathogenesis. 


Haldane, Mcakins, & Priestley (1918— -19) suppose the cause 
of the syndrome to be »slialIow breathing*. Tins is considered to 
induce anoxemia, which should provoke the different symptoms. 

Sonne (1923) mentions the po.ssibilily that (he patients hyper- 
ventilate, thereby releasing carbon dioxide so that an acapnia 
is developed, and lie calls attcuLion to the fact that the symplonis 
of the effort syndrome are typical acapnial symptoms. 

Kerr, Dalton, & Gliehc (1937) and Sargant (1910) consider it 
possible, on the basis of examinations of nervous apprehensive 
patients, to set up the following pathogenetic development: anxielv 
— hyperventilation — alkalosis, etc. 


Soley & Shock (1938) and Guttmann & Jones (1940) liave made 
experiments of liypervcnlilation on palicnb; with the effort syn. 
drome; hul ooly i„ 50 per cent ti.ey succeeded in provoking lypicnl 
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symptoms, so accordingly ilicy arc of opinion that the hyper- 
ventilation cannot be the only’ cause of the effort syndrome 
However, tlie investigations mentioned liere into the pathoge- 
nesis of the effort syndrome all have the disadvantage of having 
been undertaken at rest and not under such conditions as generally 
provoke the typical symptoms. As far as is known no investigations 
have been made of these patients during muscular work. Not till 
such investigations arc undertaken there will be a possibility 
of getting information on the pathogenesis of the affection. The 
investigations in hand of patients at rest are indicative that hyper- 
ventilation may’ induce the sy-mptoms in question. 


Occurrence. 

In order to get an impression of the frequency of the affection 
P. D. "White & Jones (1928) have studied the final diagnoses of 
3000 patients who consulted a doctor or were admitted into hospital 
on account of cardiac symptoms. It appears from this investiga- 
tion that 302 or 10 per cent were suffering from the effort syn- 
drome. 

Craig & White (1934) have investigated 100 cases of the effort 
syndrome obsers'ed in an ordinary mixed civilian practice. It 
appears from these investigations that the females have a slight 
majority (69 per cent). Among the 100 cases ages from 12 to 69 
are found represented, the average age being 36. 

Symptoms. 

A comparison between Lewis’ (1918) and Craig & "Whiles 
(1934) works show that the prevailing symptoms are the same m 
those liable to military service and the eivilians, as also appears 
from a work by Neuhof (1919). 

The four cardinal symptoms are palpitations, a feeling of air 
hunger (shortness of breath), precordial sensations, together will' 
a feeling of exhaustion. All these symptoms are provoked by ligl'^ 
or moderately hard worlt. 

Moreover gideness, fainting headache and tremulousness during 
and after exertion, nervousness and insomnia are mentioned as 
frequently occurring symptoms. 
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Physical Findings. 

On tlic ordinary physical cxaminalion of the palicnl at rest 
nothing abnormal is observed. There is no connection beiAveen build 
of body and effort syndrome. The slethoscopy of the heart presents 
no characteristic peculiarities. The pulse frequency at rest is in 
some cases higher than in normals. 

By orthodiagraphic measurements (i\Ieakins & Gunson, 1918) 
and electrocardiographic examinations (.1. Parkinson, 1917 (a) 
and Th. Lc^Yis, 1918) made both at rest and after exertion presented 
no characteristic changes. 

Paul D. White Sc Hahn (1929) call attention to the fact 
that in patients with the effort S 5 mdrome a few deep inspira- 
tions (sighs) are often observed both at rest and during bodily 
work. Christie (1935) has observed, by a review of spirometer 
curves from palienLs suffering from the effort syndrome, that the 
midcapacity is not constant, and that the respiratory excursions 
are not equal and the respiration rate not regular. In this con- 
nection he calls attention to the fact that (he changes mentioned 
here are rare in normals and never so pronounced ns in the pnlienls. 
These observations must be seen in connection with the ])hcno- 
menon, to which especially Kerr, Dalton, & Gliebe (1937) have 
drawn attention, that, unlike normals, the apprehensive and ner- 
vous patients have a very irregular respiration. 

Levine & Wilson (1919) have c.xamined about the vital capacity 
of 131 patients and found that only in a few eases it was slightly 
reduced. Adams & Sturgis (1919) arrived at the same result after 
ha\dng examined 180 patients. These latter writers examined 
at the same time the contents of carbon dioxide in venous blood 
at rest on 45 patients and found normal values. 

Drury (1920) has examined about the contents of carbon 
dioxide in the alveolar air of these patients by means of the Mal- 
dane-Priestley method and found low but normal values at rest,, 
and besides that the lowest values arc found in the patienLs pre- 
senting the most pronounced symptoms. On examinations after 

bodily exertion the values were likewise found to be lower than in 
normals. ' - , 


Blood pressure and pulse rale aller graded work have licel. 
examined by CoUon, Rapporl, & Lewis (1917, a) aiitl by Menkins 
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& Gunson (1917, a). It appears from these examinations that the 
patients present a greater, rise in blood pressure and pulse rate 
after the discontinuation of the work and a slower return to the 
resting values than normals. Lewis emphasizes that the differences 
are only quantitative. 

Tliis review of symptoms and physical examinations indi- 
cates that when the patient is at rest there has been demonstrated 
something abnormal on two points, i.a. White’s and Christie’s 
demonstration of changed respiration and Drury’s demonstration 
of low carbon dioxide partial pressures in the alveolar air. 

Treatment. 

From the examinations made by Lewis and his collaborators 
(Lewis’ report, 1918) it appears that confinement to bed aggravates 
the symptoms. The only treatment that has proved favourable 
is graded physical training, as indicated by Lewis. By this treatment 
about 50 per cent improve or get cured, whereas the other half 
are unaffected being still unfit for bodily work. Fruther it appears 
from his report that the previous civilian occupation is of no 
significance for the result of the treatment. 

Prognosis. 

There are found no statements dealing with the prognosis 
of the affection as regards the civilian patients and only a single 
report in the case of the military patients. By the nature of the 
case this report gives information only of a single group of the 
patients suffering from the effort syndrome. 

Grant (1926) has by annual inquiries and examinations through 
5 years studied the course in 665 patients living in London, who 
had been discharged from military hospitals with the diagnosis 
of effort syndrome. It appears from the examinations that the morta- 
lity rate among patients is the same as among normals of the same 
sex and age. 15. 3 per cent recovered completely, 17.8 per cent 
improved, 56.2 per cent remained stationary, and 3,2 per cent 
showed exacerbation. The rest developed other diseases during the 
examination period (tuberculosis in 22 cases, which according to 
Grant’s calculation should be double the number of cases in nor- 
mals of the same ageclass) or died. There was found no prepon- 
derance of organic cardiac affections. 
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STUDinS ON THE EFFORT SYNDROME. 

Author’s Methodics. 

As appears from the above nothing certain is known as io 
the pathogenesis of the effort syndrome. Thi.s i.s among others 
due to the fact that no systematic examinations liave been under- 
taken so far of patients with this affection during muscular work. 
Lewis has not proved the rightness of tiie hypothesis that there 
should be a smooth transition from the response to exertion of 
the normals to that of the patients. Nor has White, who unlike 
Lewis is of opinion that there is a qualitative difference between 
the response of llie normals and that of the patients, pro\ cd the 
truth of his theory. 

The object of the investigations described here has therefore- 
been partly to determine the maximal capacity for bodily work 
of the patients and partly to determine llic variations in blood 
pressures and pulse rate during the work and compare tbe.se values 
Avith corresponding values from normal persons of the same sex 
and agC'Class, in order to make out whether there is any essential 
difference in ti\c rcsponcc to exertion of the 2 groups. 

The previous investigations into the blood pressure variations 
in normals during muscular work have shown that both systolic 
and diastolic blood pressures rise immediately at the beginning of 
the work to certain values which remain rather unchanged if the 
work requires moderate effort. At great and exhausting w'orks 
there is often seen a constant rise in the blood pre.ssure during 
the whole working period (Moritz, 1903). In elderly people and 
very occasionally at very fatiguing work tlicre has been obscr\'cd 
a fall in the blood pressure during Ibe muscular work itself (Grcbncr 
& Griinbaum, (1899), Masing (1902)). 

Oscillometric blood pressure measurements with Paclion's 
oscillometer liave been made by Bergman (1922). 

Eldahl (1933, b) has made a number of measurements during 
hard muscular Avork on Krogli’s bicyclccrgometcr by means of 
an optically registering oscillograpli constructed by himself. He 
has found that the systolic pressure increases considerably more 
than the diastolic pressure, which at a Avork of 17G0 kgm per 
minute increases only from 100 to 135 mm Hg, whereas the svslo- 
hc pressure increases from 140 to 240 mm Hg. 

Em. Hansen (1937) has likcwi.se made oscillographic mcasur- 
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ements on normal persons during muscular "work and found the 
same variations as Eldalil (1933, b). 

On the examination technique rendered here the following 
requirements -were made: 

1) All the persons examined should have about the same 
training in carrying out the muscular work in question. 

2) The muscular work should be easy to grade and easy lo 
reproduce. 

3) Determinations of the blood pressure should be made several 
times during the work itself. 

Krogh’s bicycleergometer gives the best working conditions 
for laboratory investigations, and at the same time there is the 
advantage of applying it that all young people are in advance 
more or less trained in bicycling. 

For the determination of the blood pressures the oscillometric 
method was applied, because it may easily be made optically 
registering, and because the shape of the oscillometric curs'e 
gives information on the state of contraction of the artery measu- 
red on. 

A further account of the theory of the oscillometric curve has 
been given a.o. by J. Plesch (1935) and the author (9). Accord- 
ingly it shall only be mentioned that in the description of the 
author’s investigations 2 oscillometric criteria will be applied, 
viz. the occurrence of the first proper oscillation at a pressure that 
will be called the 1st pressure, and the occurrence of the maximal 
or last maximal oscillation at a pressure that will be called the 2nd 
pressure. 

The 1st and the 2nd pressures lie about 5 mm. higher than the 
auscultatorily determined systolic and diastolic pressures (Dan 
Prytz, 1942). 

The oscillograph applied for these investigations is the one 
constructed by Eldahl (1933, a), described in a previous work of 
the author (9). It is used togetlier with tlie double cuff indicated 
by Gallavardin (1922) and is constructed so as to register only 
the volume oscillations in the distal cuff. 
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Examinations of Normal Persons During Muscular 

Work. 

All the experiments ^vcrc made in the middle of Die da> about 
1 hour after lunch, after the person experimented on had been 
keeping quiet in the laboratory for about half an hour. After this 
half hour’s rest he mounted the bicyclcergomeler, where he sat. 
quiet for at least 10 minutes before the working experiment was 
begun. During the resting period on the bicycle 1 or 2 delcrmina- 
lions of blood pressure and pulse rate were made. 'Die last deter- 
mination was made immediately before the beginning of the 
work. During the work itself, lasting for 30 minutes, or iu the case 
of the great weights as long as the person was able to ride, (here 
were made on an average 4 to 6 measurements. 

The examinations comprise aO working cxjicrimcnls on 8 normal 
persons carrying out from 300 kilogrammcter (kgm) to 1200 kgm 
per minute for up to 30 minutes. Many of the jicrsons could have 
carried out stilt greater amounts of work, for instance from 1350 
kgm to 1500 kgm per minute. Hut at such great amounl.s of work 
it proved impossible to make a serviceable oscillomctric measure- 
ment, for which reason works exceeding 1200 kgm per minute will 
be left out of account here. In all eases there was applied a turning 
speed of the pedals on the bicyclcergomeler of .50 per minute. . 

These cxpcrimcnls showed that both the IsL and Ihe 2nd pres- 
sures rise to a certain level in the course of tlic first 2 lo ,5 working 
minutes, and that the pressures after Uiat remain raUier unchanged 
during the whole working period. TJic IsL pressure rises relatively 
more than ibc 2nd. There was observed no fall in the blood pressure 
during the work, not even in the ease of the xvorks requiring great 
effort. Thus the experiments sliowcd the same variations in the 
arterial pressure during muscular work as found liy the writers 
mentioned in the preceding. 

At the works requiring moderate exertion (300 lo 600 kgm 
per minute) the pulse rate rose quickly lo a certain level, where 
it remained unchanged during the whole work. At the greater 
amounts of work it was observed that the pulse rate rose quickly 
at first and then more slowly lo the working level, whicli was 
not reached till after 10 lo 20 minutes of work. A few limes at 
very great and straining works, the pulse rale rose during \he 
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Fig. 1. The variations in the arterial pressures and the range of the maxima 
oscillation in experiment No. 143. The unbroken line indicates the 1st pressure, 

the 2nd pressure. The abscissa indicates the time in minutes. The ot- 

dinate; Lower section = the values of the arterial pressures, upper section — 
the variations in the range of the maximal oscillation expressed in mm. 


whole work. The variations in the pulse rate during muscular 
work demonstrated here coincide perfectly vdth the results obtained 
bj' Hohvdi Christensen (1931). 

Experiments Nos. 143 and 75 serve as examples of the variations 
in the arterial pressures and in the pulse rale. In these experiments 
the work amounted to 900 and 1200 kgm per minute respectively 
for 30 minutes. The variations in pressures, pulse rate, and range 
of the maximal oscillations during work are illustrated in figs. 
1 and 2. It appears from these illustrations that the arterial pressu- 
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5 I'. 'Hir In llif .'irltri.'il pressures, the pulse rak*, and llic range 

< t ihr tisr)\i!!i;’l iucillntl-fn tti fspcriwvnl No. 75. VnlnkmipU'd line indicalos 

th'" 5’1 pje'Mur, llio 'JniJ pir'Mirr, and — — tlic pulse rale. The 

iiidic.iUs the lime In ndmtU-'. Ilie ordhiale; I/isvcr sccUon = the 
s .iliu ' o! IJir arkrlal prT"’i!Tes and the pulse rate, t'pper section = the varia- 
Unr,'- in the range o' the in.i\l(ual oscillation expressed in tnm. 


ti's the |ns!'-i> rate, an<\ Uu* luaxinial oscHlaUott adjust thcniselvcs 
{•! It,.- S',nr5;im' values in tlir coursu of 5 to 10 tninutos. 

In Uv.arly all the cxjuTiincnls ilif arterial prc 5 surc.s and Uie 
{ -tl'- r;its rs ach* tl a steady state in the course of a sliorter or longer 
l:n;t dr'endenl on tim amount of xvork. The values measured 
; t th.U mas! 5,,> reuarded as the response of the person experi- 
,S >,u tn {ijven Vvight. 
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Tabic 1. 

'Flic avcrngc values of Uic arterial pressures and the pulse rate at test and 
during the different works. 8 normal persons. 


Number 1st 2nd 
of exper. pressure pressure 



rest 

300 kgm. 
500 .) 

900 1) 

1200 I) 

rest 

300 kgm. 
GOO I) 
900 » 


COO kgm. 
900 i> 


300 kgm. 
600 » 
900 » 

1200 » 
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Table 2. 


Tlic average rcsling 


ami \sorking values for llic tolnl number of examined 
normal pereons. 


Work 

pcrionued 

l.sl pressure 

2.iul pressure 

Pulse r.nlc 

rest 

111 

77 

89 

300 kgw. 

ISO 

87 

10.5 

GOO » 

M2 

87 


900 •> 

150 

100 

159 

1200 

108 

ior» 

172 1 


I'hc average figures for cacli cxperiuicul of the values measured 
at the slcady stale show that the values obtained by double experi- 
ments accord well with each other. 

Table 1 renders for each }>crson the average values of the func- 
tions mentioned here at rest and during the different works. A 
comparison of the vahie.s in the various persons shows that there 
is but a slight individual variation. For inslaucc at a work of 900 
kgm per minute the IsL pressure varies from M6 mm to 1G7 mm. 
Die 2nd pressure from 92 mm to 105 mm, and the pulse rate from 
139 to 167. Hence average figures have been calculated of re.sling 
values and working values for the different works for the total 
number of persons expcriinenlcd on. The resulting figures arc 
found in table 2 and will later be used for a comjiarison with 
the values from patients with llie effort syndrome. It appears 
from the figures D?nt the 1st pressure rises relatively more than the 
2nd pressure at the increasing weights, a fact which has already 
previously been pointed out by Eldahl (1933, b) and Em. Hansen 
(1937). 

Examinations During Muscular Work of Patients Suffe- 
ring from the Effort Syndrome. 

8 young men between the ages of 20 and 25 were submilled 
to examination. Some of the patients bad displayed symptoms 
of the effort syndrome ever since the age of puberty, whereas 
others did not develop the symptoms till the beginning of Die mili- 
tary service. In all cases the symptom.s had appeared without a 
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preceding infection or overstraiiij and on a thorough physical 
examination there were found no facts indicating effects of or 
the presence of physical disease. None of the patients presented 
signs of a psychoneurosis. Further it should be mentioned that all 
types of body stature were represented among the patients. 

Neither X-ray examinations of the lungs and the heart, electro- 
cardiography, standard metabolic rate, nor blood examination 
showed anything abnormal. 

Thus neither anamnestically nor on the physical examination it 
was possible to find anything that could with certainty beregarded 
as the cause of the syndrome. 

All the patients were soldiers admitted with discharge in view, 
for which reason no great importance had been attached to their 
possible complaints during work, as these complaints might have 
been tinged by a desire to continue the service or to obtain discharge. 

The general complaints of the patients were shortness of breath, 
precordial sensations, palpitations, and pronounced fatigue at rvork 
of 600 to 900 kgm per minute. A few of the patients complained 
also of headache and giddiness during work. Besides it was observed 
that the patients perspired far more than the normals. 

The examinations comprise 53 worldng experiments, at which 
there were carried out works of from 300 to 1200 kgm per minute 
for up to 30 minutes. In all cases the turning speed of the pedal 
of the bicycleergometer was 50 per minute. 

It appeai'ed that all the patients could carry out 900 kgm 
per minute for up to 30 minutes w’hen encouraged to it, and that a 
few patients could even perform 1200 kgm per minute for up to 
18 minutes in spite of the various disagreeable sensations during 
the work. In this connection it should be born in minut that a 
work of 900 kgm per minute requires about 8 times as much oxygen 
as the resting requirement, and that 1200 kgm per minute increases 
the metabolic rate about 10 times and generally requires a minute 
volume that is about 8 times as great as the minute volume at rest. 
Thus the patients in question cannot be said to be asthenic. 

The variation in the arterial pressures followed in the main the 
same course as in the normals, i.e. both the 1st and the 2nd pressures 
rose in the course of the first 2 to 5 working minutes to a certain 
level, where it remained during the entire working period. The 
patients did not either present a constant rise in the blood pressure 
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during the ^v]lolc Avorking period, nor was there in any of them 
obserA'cd a fall in the blood pressure during the work. 

The pulse rate showed more often than in normals a jmolonged 
rise during the working period not reaching a steady stale till rather 
late. The rise in the pulse rate was even cpiite often seen to continue 
during the whole work. This course of the variations in the pulse 
rate correspond to the one observed by Hohwii Christensen (19dl), 
who declares that the pulse rate docs not reach a steady state at the. 
works that arc exhausting for the pci-son experimented on. 

Experiment No. 97 with patient No. 5, GOO kgm per minute for 30 
minutes, affords an example of the conditions during a muscu- 
lar work that did not tire the patient in question. The variations 
in the different functions during work arc indicated in fig. 3. 

It is seen that the pressures and the pulse rate rose immediately 
at the beginning of the work to the working level, where they 
remained unchanged througout the working period. The range of 
the oscillations, wliich at the beginning of the work was greatly 
increased, decreased during the whole experiment. 

Experiment No. 85, in which patient No. 3 carried out 1200 
kgm per minute for 11 minutes, sen’cs as an cxam])lc of the condi- 
tions at an exhausting work. The variations in the functions at 
this great work arc indicated in fig. 4. It is seen here that the arterial 
pressures in all great essentials acted in the same manner ns at 
the above-mentioned experiments. The pulse rate rose constantly 
throughout the working period. The range of the oscillations, whicli 
immediately at the beginning of the work was greatly increased, 
decreased during the whole work. 

These working experiments show that there is no essential 
differences between the variations in the arterial pressure.s and 
the pulse rate of the normals and those of the patients suffering 
from the effort syndrome. Only the. variations which in normals 
arc observed at great fatiguing works arc in the patients seen 
at smaller, often not fatiguing rvorks. This fact bears out Lewis’ 
hypothesis that the phenomena of fatigue observed in these patients 
are in themselves normal, only they arc brought about by a smaller 
amount of work. 


The arterial pressures and the pulse rate will in most cases 

to tlmn in n is reached 

than in the normals. The values at this stage must, like in the 




Fig. 3. Variations in the arterial pressures, the pulse rate, and the range of 
the maximal oscillation in experiment Ko. 97. Uninterrupted line indicates 

the 1st pressure, the 2nd pressure, and the pulse rate. The 

abscissa indicates the time in minutes. The ordinate: Lower section - 
values of the arterial pressures and the pulse rate. Upper section = tlie vana- 
lioBs in the range of the maximal oscillation expressed in mm. 

normals, be regarded as the response of the person in question 
to the given weight. 

The average figures for each experiment of the values measured 
at the steady state show that the results obtained by double expe- 
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Fig. 4. Yarialioiis in the arterial pressures, the pulse rale, autl the range of 
the maximal oscillation in experiment No. S5. Uninterrupted line iiulicatcs 

llic 1st pressure, the 2n(l pressure, and liie pulse rate. 

The abscissa indicates the lime in minutes. The ordinal e: Lower section r=r 
the values of the arterial pressures and the pulse rale. Upper section 
the variations in the range of the maximal oscillation expressed in nun. 


rimenis accord -svell Avilh cacli oLltcr. This accordance makes i{ 
possible Lo calculate for each patient an average resting value 
and an average Avorking value of each of Lite 3 funclions "at each 
AYork carried out. These values are found in fable 3 . 

14 — Ac(a med. scandinav. Vol. CXXI 
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Tabic 3. 

The average values ol the arterial pressures and the pulse rale at rest and 
during the different works. 

8 patients with the effort syndrome. 


Patient 

No. 







300 kgm. 
600 » 
900 » 

1200 i> 


rest 

300 kgm. 
COO » 
900 » 


rest 

300 kgm. 
COO » 
900 ') 

1200 -> 


rest 

300 kgm. 
600 » 
900 


COO kgm. 
900 » 

1200 » 


rest 

300 kgm. 
COO » 
900 » 


300 kgm. 
600 » 
900 » 


300 kgm., 
600 » 
900 i> 


Number 1st 2nd Pulse 

ol exper. pressure pressure rale 
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Tlie average resting anil 


Tabic 4. 

^vorking values for 6 patients will, the effort symlm.ne. 


•\Vorlis 


1st pressure 


2n(l pressure 


Pulse rale 






rest 

114 

11 


300 kgm. 

121 

H 

103 

GOO » 

151 

91 

139 

900 » 

173 

102 

109 

1200 » 

197 

121 

ir.7 


A further review of these values shows that patients Xos. 

1 and 2 have considerably lower pressures than the normals both 
at rest and during work. Presumably bollt of them suffer from 
a constitutional artericl hypotension. As for the rest the values 
measured lie within tlie range of those found on the examina- 
tions of tlie normal individuals. The variations within the group 
of patients are seen to be somewhat greater than within that of the 
normals, but all in all these examinations show that there is no 
difference between patients and normals with regard to the response 
of blood pressure and pulse rale to muscular work. The patients 
are not able to carry out as great amounts of work as tlic normals, 
but there are found no signs of a failure of llicir circulation, not 
even at the greatest amounts of work ilmt they arc capable of per- 
forming 

By calculating for the group of patients collectively (cxcejiting 
the 2 with hypotension) the average figures for resting values 
and for the different working values avc get the figures of table 4, 


Tabic 5. 


Comparison of the values of the arterial pressure and Uic pulse rale in normals 


Works 

1st pressure 

2nd pressure 

Pulse rale 

norm. 

pat. 

norm. 

pal. 

norm. 

pat. 

rest 

300 kgm 
600 » 

900 1) 

1200 i> 

111 

130 

142 

15G 

168 

114 

121 

151 

173 

197 


77 

80 

91 

102 

124 

89 

105 

135 

150 

172 

85 

103 

139 

1G9 

1GG 











214 


n. cun. ciiniSTENSEN. 


A comparison of these figures with those for the normal persons 
(see table 5) shows that there is no essential difference between 
the 2 groups. The 1st pressure rises somewliat more in the patients 
than in the normals, whereas the 2nd pressure, and, what is more 
astonishing, the pulse rate show the same rise in the 2 groups. 

Thus the examinations mentioned here show that patients 
suffering from the effort syndrome are able to carrj' out rather 
great amounts of muscular work, and -that the variations in the 
arterial pressures and the pulse rate are in the main the same as 
in the normal persons. The absolute rises are of the same magnitude 
as those found in the normals. Thus on the examinations during 
muscular work there has been found nothing to suggest that the 
patients in question should be asthenic in the ordinary sense of 
this "word, which is, indeed, in contrast with the hypothesis ad- 
vanced bj' White and other American writers. 


Summary. 

A review of the literature dealing with the effort syndrome , 
shows that nothing certain is known as to the etiology and patho- 
genesis of the affection. More recent investigations suggests that 
hyperventilation should provoke the symptoms. The occurrence 
and symptomatology of the affection are mentioned. Further a 
review' is given of the experimental examinations made of pa- 
tients suffering from the effort syndrome. It appears from these 
examinations that in some cases there is found a reduced carbon 
dioxide partial pressure in the alveolar air, and that the patients 
mentioned here have a respiration type deviating from that of the 
normals. Some investigators have succeeded in provoking typical 
symptoms by letting the patients hyperventilate at rest. All the 
other investigations have shown perfectly normal conditions. 

Moreover a brief account is given of the treatment, from whicli 
it appears that graded muscular training has resulted in improve- 
ment of some of the patients. Confinement to bed aggravates 
the affection. An investigation into the prognosis of the affection 
is mentioned. This investigation has show'n that in over half of 
the cases the affection is decidedly chronic. 

The author’s investigations comprise 50 experiments on 8 
normal young men and 53 experiments on 8 young male patients 
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sutfcrina from U,c ettort syndrome. lioU, 11, c .mrn.als and 1 he 
natots earned o„l whs ot Iron, 300 lo WOO hg,„ ,>or .mra.l,, 
L np to 30 minutes. All the examined patients %vcre a >le to c.ury 
out OM kgm per minute tor trom W lo 30 minules, an, a lew even 
1200 kgm pev minute for up lo 18 minules m spile of Urn disagr«> 
able symptoms. Thus the physical capacity for work of Uie paDenls 

in question is reduced but verj' little. 

The variations in the arterial pressures and in the pulse rale 
during muscular work follow the .same course as in the normals. 
The rises in arterial prc.ssurcs and pulse rale at the. different amounts 
of work correspond lo lliosc observed in the normals. Iti oUier 
words these patients arc not asthenic. 
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On the Diagnosis of Myelomatosis. 

By 
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Almost one century has jiasscd since Hint day. Del, 301 Ji in 
1815, wlicn Mr. M., a higlily respectable fradc.sman, aged 15. 
placed liimscU under tlic care of ^YiHianl Mac Inlyre, thereby 
furnishing research with the first case of myelomatosis to be ana- 
lysed clinically by Mac Intyre, chemically by Bcncc-Joncs and 
ovcntuall)’’ post mortem by SliaAv and (microscopirnlly) by 
Dalrj'inple. Tlic interest devoted 1o the di-sorder since is out of 
proportion to its rare occnircncc, to its fatal prognosis and to 
its inaccessibility to therapy. It is nevertheless easily to be under- 
stood if we consider on the one hand the interesting pathophysio- 
logical. problems connected \Yilh its biochemistry, on the other 
hand the clinical importance of distinguishing myelomatosis from 
other generalized affections of tlie l)onc system, less resistant to 
treatment, such as osteomalacia, hyperparathyroidism and car- 
cinosis. 

Tlic diagnosis of myelomatosis is to be established with cer- 
tainty only by means of one or both of two signs: the demon- 
stration of the histological character of a plasmocyloma by biopsy 
and the demonstration of the Bencc-.Ioncs substance in the urine. 
With regard to the liistology the recognition of the central position 
of the plasma cells is no doubt to be considered a most imjiorlanl 
achievement; references are to lie had in the important iiaper of 
Apitz. With regard to the Bence-Jones suhslanec it has until 
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recently been maintained that this »aniinal mattery as it was 
termed l)y Mac Intyre, occasionally might be present also in other 
disorders of the bone marroAv. For reasons dcA'cloped by Apitz 
this opinion is Avilhoul doubt to be looked upon as erroneous: 
Bence-Jones substance is, when present, pathognomonic for 
myelomatosis. There are, hoAVCA’cr, myelomas Avhere Bence-Jones 
substance is absent and there arc cases AA-herc llie biops}', most 
easily jjerforined hy sternal puncture, for one or another reason 
may fail to deliA'cr the CA-idence desired. In such instances the dia- 
gnosis may be difficult enough, jiarlicularly so perhaps if the 
.so-called diffu.se myelomatosis is about. The present paper intends 
to deal with the diagnostic pitfalls hence encountered. 

Tavo particularly instructiA’c records of myelomatosis may he 
cpioted to illustrate the matter in (piestion. In one of them the 
difficulties of the histological diagnosis Avcrc apparent, in the 
other the clinical course has been remarkable and the determina- 
tion of the IcA'cl of the citric acid Avill l)e ])ointcd upon as a feature 
liable to facilitate the distinction betAveen myelomatosis and 
hyperparathyroidism . 

Case 1. ^Icd. C.lin. 2751/37, 857/38. jl/nn, agerf 55. Pains suggestiee of 
invoh'cmcnt oj the bone system for 15 months before death. Generalized osteo- 
porosis. Hypcrprotcincmia. Bence-Jones substance absent. Two biopsies 
[costcctomies] as well as the preliminary histological examination of the bone 
system post mortem failed to confirm the diagnosis. Beexamination of the 
slides from the autopsy; myelomatosis. Admitted Oct. 28th, 1937. Died 
April 18Ui, 1938. 

History: Family history and p.asl history Avithoul particular interest. 
Doing AA'ork in a soap factory. Dietary habits regular and satisfactory 
(enough milk, dark bread, butler and meat). 

Present hislory started .Tan. 1937, i. e. some 10 months before ad- 
mission, AA'ilh pains AA'hich Iiua'C dominated the course CA'er since and 
have been accompanied by a reduction of AA'eight, appetite and general 
condition. The pains, starting in the left leg, the thighs and the pelvic 
region, Avere dull, rather conlinuo\is but rendered Avorse by movements. 
In Febr. he had to stop AA'orking and go to bed: the pains Avere to some 
degree inproved by resting but made AA’orse by physical therapy such as 
baths, massage etc. In May he AA'as transferred to a rural hospital and 
registered as carcinosis ossium. No X-ray treatment aa’us given but Avhen 
leaving the hospital about midsummertime he Avas rather much improA'ed 
as Avell Avith regard to the pains as to the general condition, having regained 
8 kg of the loss of AA'eight of about 14 kg before .admission. In Aug. he 
Avas able to Avalk, had no pains and a good appetite. About 3 AA'eeks ago. 
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however a dull pain reappeared, localized to Ihc lateral region o. the 
S VboH on; ago an accMcHal lalao ,s.cp w M, I ,o .ell .ool 

■brotighl about a feeling as if the spine had been broken below ho scapular 
reeion During this last week before admission the pains have been severe, 
excruciating, appearing in frequent attacks, localized to the back, the 
chest and the lumbar spine, as was also the case during the subsequent 
course. The pains were rendered worse ))y movements which were accord- 
ingly restricted: it was impossible for him to be up and about and diffi- 
cult for him to assume a silting position in the bed. The general condi- 
tion was becoming worse as time went on, the appetite was impaired, 
thrombosis of the left leg did appear and he died eventually April 18th. 

Bchidc observations: On admission the general condition was fair, tlio 
nutrition and the colour rather good. Blood pressure l>t0/8;), lemperalure 


subfebrilo, pulse rate about 75, sedimentation rale of the blood 1)7/121 
(in one/lwo hour.s). Physical examination of heart, lungs and abdomen 
essentially normal, only was the scrotum atrophied, both testes being 
almond-sized and situated in the external part of tbe inguinal canal. 
With regard to the hone system llie patient was unable to assume a sitt- 
ing position in the bed. The spine was not lender on percu.ssion but a 
distinct tenderness was to be registered of th6 ath and Glh left ribs in 
the axillary line. 

During the course in the clinic the general condition went down iiill. 
A certain degree of anemia was to be noted, appetite was impaired, wciglit 
reduced. Tiie temperature was during the first months subfebrilo, during 
Ihe last montiis considerably increased (about 39 C') and prc.sca(ing a 
certain undulation. The localization of the pains was at first the costal 
regions, afterwards olsowhcrc, particularly the pelvic region. During 
the last month X-ray treatment was given, otherwise the therapy was 
confined to symptomatic remedies (anesthetics etc.}. Ho became more and 
more prostrated, dyspnoo did appear and a pulmonary oedema eventually 
finished the suffering. 

Radiography: Various X-ray examinations were repeatedly performed 
under Ihc experienced supervision of Dr. 11. llelimer, in charge of Ihe 
roentgenological department. Briefly summarized, normal conditions were 
to be registered with regard to the lungs, the trachea, the gastroduodenal 


system, the kidneys and the urinary tract (also by moans of urography). 
The bone system of the trunk, the skull and the proximal part of the 
extremities did present a considerable generalized osteoporosis and rare- 
ficalion. With regard to the extremities this alteration did involve the 
upper part of the femur, the humerus and the proximal region of the 
bones of the forearm, generally decreasing towards the periphery. Willi 
regard to the spine a compression was noted of the 7th thoracic vertebra 
later on also of the 9th thoracic vertebra. The ribs wore also engaired’ 
occasionally presenting a distension of the conturo, to be felt uTien 
examined by palpation. The general impression of the roenlgenoloirisis 
was a destructive disorder of the skeleton .conipatihlo with that of n 
myeloma or of osteitis fibrosa cystica gcncralisalao 
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ing. 1. Case 1. Skull. General tlcmincralisalion and a certain fincniotUcd 

appearance. 


Biopsy was perrormed Dec. lOlh and Jan. 2lsl by moans of resection 
of ribs, obviously engaged by the process as determined by X-ray examina- 
tion resp. by palpation. The preparations were thoroughly examined in 
the pathological department by most experienced pathologists but no 
evidence was to be obtained of osteitis fibrosa, neither of any myeloma. 

Sternal puncture was performed March 22nd, the analysis being per- 
formed in the department of pathology by professor E. Sjovall, who gave 
the following testimony: »In the sternal jmneture preparations there are 
to be noted in the usual parenchyma, which has not turned fibrous, a 
number of rather large-sized, well-limited agglutinations of cells of myeloic 
type. These cells arc big and well equipped with plasma, their nucleus 
being round. The ty'pe of these cells and particularly their tissue-like 
connection may support the apprehension that they represent fragments 
of a myeloma.s 

Laboratory records. With regard to the urine the diuresis was 500 — 
1800 ml. No protein was to be discovered on repeated examinations; 
Bence-Jones test was always negative. The amount of calcium excreted 
during 24 hours varied between 0.24 and 0.46 gram. 

With regard to the blood the positive observations run as. follows: 

Sedimentation rate considerably increased (93/112 — 141/154). 

Red count/hemoglobin on admission 4.3 mill./80, finally 3.3 mill./60. 
Red cells size normal (about 7.6 y], reticulocytes 1 — 8”/oo. 
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Lumbar Spine, (icncra 
■ Icoporosis and a certain comprcssioi 
of the Vertebrae. 



F«g. 3. Case 1. Left Iiuinerus. General 
clecalcification. 


Wiile count fairly normal (4900 — 8100)* 
flifferential count fairly normal ThrnTv.v,n« » i 
Amcth coml at first normal (Nov! mh T n “m 
83, 25, 7), eventually shift to the left (Morcli 27111’ 15 ' 17 ' 

Calcium level: Nov. 1937=13 1_;, 5 0 a » 

15.2—15.1—14.4 mg %. ' March— April 1938= 

Phosphate level (determined once only Nov lot hi ef 
Non protein N Nov. 2nd=50, Nov. ISthtan %• 

Serum protein: Nov.= ll.2 — lo C— lo fi At mg %. 

Oncotic pressure, Nov.= .9„, 
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I’ig. <1. Case 1. Microscopical appearance of the bone marrow, when rcesaniincil 
in 1944 by Professor Ahlslrbm. 

Takala reaction: cxlremely pronoxinced (delermined on 4 occasions). 

Necropsij. Apr. 19Ui {Dfparlmenl of Palliology): Clinical diagnosis: 
myeloma. Pathological diagnosis: Osteoporosis praesenilis-{-Chryptorchismiis 
bilateralis-f Thrombosis ven. fern. sin. inveler.-f Bronchopneumonia lob. inf. 
pnlm. sin. — The macroscopical observations of heart, abdominal cavity, 
gastrointestinal canal, liver, biliary ducts, spleen, pancreas, kidneys, and urin- 
ary tract entirely normal except for a slight enlargement of liver and spleen 
and some concrements of the gall bladder. Lungs: emphysema, bronchitis, 
bronchopneumonia; nowhere any bronchial cancer. Testes hazelnutsized. 
Epididymis, prostata, oral cavity, thyroid, parathyroid regions, supers 
renals, pituitary gland, pineal organ and brain macroscopically normal. 
— The bone system in toto presents a remarkable brittleness and rarc- 
fication of all spongious bone. Thus, the calvaria offers only little resistance 
to the saxv but no localized decalcifications are to be observed. The bodies 
of the vertebrae are very brittle, the 7lh thoracic vertebra being entirely 
compressed and the 12th thoracic vertebra presenting a certain com- 
pression as well. The same fragility' and rarefication of the spongious 
bone is to be registered in the sternum and the alae oss. ilei, which are 
easily cut with the knife, and the ribs which are to be broken between 
the fingers. 

Microscopical examination of kidneys, liver, spleen, thyroid, prostate, 
pituitary gland and pineal organ revealed entirely' normal conditions. In 
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the testes the spermatogenous parenchyma was entirely atropliied whereas 
dusters of interstitial cells were to be registered. The bone marrow was 
examined in the femur, in the vertebrae and in the sternal bone: on the 
preliminary examination hematogenous parenchyma of normal appearance 
was found biit neither any.myelomatous tissue, nor any alterations charac- 
teristic of 'osteitis fibrosa generalisata. On the experienced reexamination 
of the slides, however, kindly undertaken by Professor C. G. Ahlstrom, 
plasmacellular infUtrations Avere abundantly encountered in the marrow 
of femur, . vertebrae and sternum. 


Case 2. Med. Clin. 1995/41 and forthwith. 3Ian, aged 55. Accidental 
discovery of Bence-Jones protein. Siiljective symptom.^ hitherto scanty (ob- 
served 4S months so far). Hyperproteinemia. Biopsy repeatedly: characte- 
ristic myelomatous tissue. 

Bistory: Family and past history of no interest. Working as attendant 
in a psychiatric hospital. Dietary habits regular and hygienic. Present 
history: The sedimentation rate of the blood ivas found to be considerably 
increased ivhen examined on account of an outbreak of tuberculosis in 
one of the wards where he was occupied. He had no subjective symptoms 
with exception of some slight pain and stiffness of the left hip joint during 
the last feAv weeks. He Avas admitted to the clinic Sept. 1st 1941. and has 
since been observed periodically: 1941 in Sept., Oct. and Dec., 1942 in 
Jan., hlay.. Sept, and Dec., 1943 in March, 1944 in March and NoA^ 

Bed side observations: On his first admission the general condition 
Avas fairly good, the blood pressure 1467lOd, temperature subfebrile, pulse 
about 90,' weight.. 77 kg. He had a :ma]um coxae senile, most so at the 
left side-, AA'hich may or may not haA’e been responsible for his pains. 
Physical examination of heart, lungs, abdomen and central nervous system 
revealed essentially normal conditions. ISio tenderness of the bones. Able 
lo be up andiabout without difficulties. A moderate anemia AA'as present 
(vide infra).' • " 


The subsequent course rather much parallells the behaviour of the 
Aveight as seen in the table p. 226. It reached its minimum -with 63.3 kg. 
Jlay 1942 and has by noAv (Nov. 1944) returned to the base line of about 


78 kg. The pains haAre never been outstanding but Avhen most pronounced 
(May 1942) they Avere felt in the sacral region, the thorax, the shoulder 
joints and the knees. For the last one year and a half no real pains have 
been present only a certain feeling of stiffness Avhen rising from sittin*^ 
position. On the Avhole the pains liaAre, Avhen present, rather much been 
confined to the articular regions (knees, shoulders, fingers so that he 
m Sept. 1942 was unable to close the fist). Besides of the (slight) pains 
Iho palienl lias been hampered by tiredness. This avas mosl pronounced 
rn the winter (Ja„nar;--May) of 19«, when the anemia reached its 
bottom love . The leinperatnre was at iirst subtebrile (37—38 C") without 
any undnlaiions., since Dec. 1942 the temperature ha's regained noS 
1 «1. The pulse rate averaged and often evceeded io; since Dec 94 ^ 
I. has, when registered, averaged 80 . The working, 'abi itv was o some 
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Fig. 5. Case 2. Right liip joint region Sept. 1941. Essentially normal appearance. 

degree restored already in Sept. 1942; since Jan. 1943 he has been on 
duty as usual in the hospital. 

Radiography: Except of evidences of a maluin coxae and an old, 
inveterated fracture of the first lumbar vertebra the roentgenological 
observations have been scanty, in spite of repeated experienced perfor- 
mances. Sept. 1941 the skull, the spine, the pelvis, the femur and the 
humerus were reported as essentially normal. Jan. 1942 finemottled de- 
calcification in upper ends of femurs and in the pelvis. May and Sept. 
1942 progression of these alterations. Dec. 1942 a similar general decalci- 
fication of the spine, causing compression fractures of several lumbar 
vertebrae; the same . affection was to be recognized in both humeri and 
in the ribs. On later examinations an obvious regress of the changes of the 
pelvis and femurs was to be registered, status quo condition in other parts 
of the skeleton except of the skull, where March 1944 one solitary circular 
rarefication was to be observed, which differed from the other changes 
of the bone system as well with regard to the time of its appearance, as with 
regard to its morphology. Nov. 1944 this rarefication remained unchanged. 

Biopsy was performed by means of sternal puncture . Sept. 1941, Dec. 
1942, March 1943, March 1944 and Nov. 1944. Besides of normal cells 
of the bone marrow there were to be observed -cells characteristic of a 
plasmocytoma {size, tinctorial character, appearance and position of 
nucleus, inclusions in the protoplasma). Whilst these cells still' in Dec. 


Fig. 6. Ca.sc 2. Tlic .same region in May 1912. Dcslniclion.'; easily l6 he- 
recognized in Ihe. ilcnin. 



Fig. 7. Case 2. TIio same region in Nov inai r 
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1942 were arranged in aggregates, they were on later examinations scantj , 
solitary and nowhere dominating the cellular -picture. In Nov. IDI-l 
all these cells had disappeared. 

Laboratory records may conveniently be summarized in the following 
table, where also the weight of the patient is to be seen. The differential 
count, the Arncth count, the thrombocytes, the size of the red cells and 
the reticulocytes are not recorded, these items averaging normal levels. 

The therapy has been confined to iron, on one occasion {May 1042 ) 
also to a blood transfusion. No X-ray treatment has been given. With 
regard to the level of the citric acid it should be emphasized that analgetics 
sucli as sa]ic3’]ic acid etc. never were used.' 


Comment and discussion. 


Tlic cases ju.sl quoted may illustrate the following topics; 

1. The difficulties sometimes encountered in the histological 
diagnosis. 

2. Tlic occurrence of a diffuse myelomatosis, i. c, without 
nodular tumour formation. 

3. nie hitherto undescribed diagno.stic importance of the citric 
acid level. 

•1.' The possibility of a temporary clinical remission in the 
course of a myeloma. 


ad (1). \\3iilst the diaguo.sis of case (II) was obvious (Bcncc- 
Joncs, positive biopsy) the diagnosis of case (I) was considerably 
entangled. The general clinical impression favoured the assump- 
tion of a myeloma; the age of the patient, the rapid course, the 
fatal outcome and the biochemistry of the blood were items j)er- 
feclly compatible with this diagnosis. The radiography failed to 
demonstrate any punched-out areas but this does of course not 
rule out the diagnosis since a diffuse myelomatosis may be about 
(vide infra). Tlie costal biopsies, however, seemed to exclude the 
diagnosis myeloma and neither was any evidence to be obtained 
for the possibility of a hyperparathyroidism, nor for any metastatic 
tumours of the bone system, such as carcinosis. As for osteo- 
malacia the general appearance of the skeleton as well as the 
seasonal amelioration of the symptoms (vide infra) mmht 'have 
represented suggestive evidence, apparently confirmcd“ by the 


n % „„o„ 0, 

Ada med. scandinav, VoL CXXI 


15 


has been 
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costal biopsies, bad it not been for the blood chemistry and llie 
impossibility to explain why an osteomalacia should be brought 
about in this very case. The original diagnosis myeloma seemed 
however to be substantiated by the sternal biopsy. All the more 
startling was the result of the necropsy, which failed to reveal 
any conclusive evidence in this direction and apparently seemed 
to suggest a praesenile osteoporosis as the disorder of the hone 
system here in question. Since, however, the clinical course seemed 
to be much too rapid and too malignant to suit this diagnosis, 
w'hich moreover would fail to explain the hyperproteineinia, the 
microscopical material of the present case (still filed in the Depart- 
ment of Pathology) was reexamined under the experienced super- 
vision of Prof. Ahlstrom, to whom I am indebted for his kind 
interpretation of the slides. This examination resulted in the 
observation, in the otherwise fairly normal bone marrow, of clusters 
of cells of a strikingly uniform appearance. Although the nucleus 
of these cells in most instances w'as situated rather much in the 
centre of the well-developed protoplasma, in which no Russell 
bodies were to be registered, it was ftevertheless felt that the 
picture w'as rather characteristic of a myeloma. The impression 
gained by the earlier examination of the sternal puncture prepa- 
ration was hence confirmed and the pathology of the case made 
to converge with the clinical and biochemical features towards 
the diagnosis of myeloma. It should be observed that the.Jnsto- 
logical recognition of the myelomatous character was to be 
established not only with the slides from the necropsy but also 
with the slides from the costal biopsies, w^here, however, the cells 
W'ere more scattered. If judged by a less experienced pathologist 
this case might have been termed »premyeloma)>; that the concep- 
tion of this condition is based on slender evidence only seems 
to be beautifully demonstrated by the present observation. 

ad (2). \\Tien it deals with the lymphatic system it is possible 
to arrange the various neoplastic disorders in three different stages; 
solitary' lymphosarcoma, lymphosarcomatosis and lymphadenosis, 
i. e. lymphatic leukemia. With regard to the plasma cells the 
corresponding disorders are the solitary myeloma, the myelomatosis 
and the plasma cell leukemia. The solitary myeloma or plasmo- 
cyloma is a rare condition, even doubted by several authors but 
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maintained as an important although unusual type by others, 
since it is considered as to a certain degree available for surgery 
(Apitz). The plasinaccllular leubcniia is rare as well; it should of 
course be distinguished from the plasmocytosis of rubeola, which 
is a reaction phenomenon comparable to the leukocytosis in many 
other infections. The myelomatosis, finally, may appear in two 
different patterns: the so-called multiple myeloma, wliieh is the 
usual form, and tlic diffuse myelomatosis, which is unusual and 
important as a diagnostic pitfall. With regard to the diffuse mye- 
lomatosis one has to realize that certain instances, which at the 
necropsy are revealed as multiple myelomas with the nodular, 
circumscript, bonc-dcstructing aggregations of well knomi appear- 
ance, ma}' during life appear as diffuse myelomatosis, owing to 
certain limitations of the radiographic diagnosis, as set forth by 
Spiller (1930) and others; this goes particularly for the affection 
of the spinal column, where the radiogram may be suggestive of 
osteoporosis only whilst the necrop.sy may reveal a nodular myelo- 
matosis, Diffuse myelomatosis is, in other words, more common 
clinically than anatomically.^ From the point of view of biological 
analysis onlj-- such instances are to be considered as diffuse mye- 
lomatosis where the diagnosis has been confirmed by a complete 
necropsy, including also the skull, " As a matter of fact the number 
of such obscn,mtions is rather limited, thus in itself justifying 
the publication of case (I) of this paper, whereas casc(II), although 
clinically rather likely to rcprc.scnt a diffuse myelomatosis, may 
or may not belong to the by far more common nodular i>mulliplc» 
type. An attempt has been made to review the autoplically veri- 
fied cases of diffuse myelomatosis in the following table. 

It is perfectly obvious on the one liand that certain instances 
included in the table may be discussed as to their character of 
diffuse myelomatosis. Thus, in several eases no information was 
given about the condition of the calvaria and since this represents 
a scat of predilection for the myclomatous nodes the diffuse 


» Thus, olhenvise instructive cases like that ot Bl.nllierwlri- „ 

that of Weissenbach and Liiivrc, uUhough v.-UcrliCht invclomnin 
lndu,w In ita eivcn ,.o.,V t "" ” 

- Such a case as, for cxauiule. Mierenmi’s i,- i ^ i!' . ‘ 

Diyclomalosis but it is mentioned that llie calvnrh did nrSm '''' 
rollich erscheinendc Slcllen, die Cr'iur.iiliVUo >liin und wlcdc 

grosse enthalten.. Such a ea^e is acS niv ’ t i' 

Tile same goes for Wallgren’s ease VI. ^ ^ ^ mclndcd in the table below 
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Casis 0/ diffuse mijclomalosis, verified by aulopsy.'- 



1) 1850 Mac Inlyre 

2) 1883 Runeberg 


>> 

cc 

*0 

Remarks 

(+) 

! 

First ease of myeloma 
ever described. S? 

(+) 

♦^fedullarc Pseudo- 
Icukiimic*. Heller -f 




189-1 

Rachke 

1895 

Sliutzing 

1898 

Parkes Weber 

1899 

Br.adshaw a. 
Warrington 

1899 

[Askanazy 

■ 

1901 

Kalischcr 

1902 

Jochmann u. 

Schuman 

1903 

Abrikosoff 

1909 

Tchistowilch u. 

Kolcssnikoff 


1 month 


•/ 


G5 C months + »Scnilc osteomalacic* 
S? 


+ Quoted by Bradshaw 
S? 


•General Ijnnphadcno- 
matosis of bones, one 
form of multiple mye- 
loma*. Heller neg. S. 
nodular? 


? 7 ? -f (-f) *Lymphatische Lcuk 

iimie* sNirgends cir 
cumscripte Tumor 
bildung* 



IJ/oycar (-f) 


3711/, year + (4.) 


I 


6 months ? + 


2 years -f 

lungs, kidneys, wall of 
stomach, papillary 
muscles of the heart. 


1 SjTubols: B. J.==Bence- Jones. S?=no infonnation about the skull. His- 
tology: -j- =plasmocytoma, (-)-)=earlicr description which may be deduced 
to represent plasmocytoma. 
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Benin rks 


Berblingcr, casclj M [55 


Versd, case III 


igi4lBomhard, v. 


16) 1920 W'allgren, 
case III 


■EBu 


1928 Enncking 


20) 1931 Rcichc 


G iiionlhs 
1 year 
50 ll year 


19321 

Cabot»casc»lS491 

1934 

Magnus Levy 

1935 

Faust 

1935 

Spillcr u. 

Rove las 



25) 1930 Robertson a. 

Brunsting 

26) 1944 Ask-Upniark 

case I 


M 44 2 years 


M 55 ISinonUis 


Cirrhosis licpatis 

One nodule in one rib 
Heller 4- S? 


+ Mesenlerlal Isnnph. 
node involved 


+ Heller S? 


•Akuic calciprivc os- 
leopnllile*. Hyperpro- 
leincinla (11.1%, of 
which 8.5%= globu- 
lins) 


Dilfusc plasniocylo- 
inatosis. S‘? 


+ Paramyloidosis. S? 


( + ) Ilellcr »Geschwulsl- 

rdmliclie Kuochen- 
markshyperplnsle*. In 
serum Globulines: Al- 
lmmiucs=rt; 1. 


Died in uremia. Heller 
+ . SV 


+ Pnr.amyloldosls. S? 

Solllary myelomnH* 

— Hyiierproleincmia. 

Repealed biopsies ne 
gnlive. 


^ Case Frau Brch., indicated as aged 40 p. SO, as aged 38 p. 03 
mg a cryptic origin for the proteinuria. » But for years lie hod* hnu'' *" 
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character of the pathological process may be questioned; more- 
over in case (6) it may be discussed -whether not such calvarian 
nodes were really present and the case (8) ought perhaps better 
have been termed plasmacellular leukemia. On the other hand it 
should readily be admitted that cases deserving their place in 
this table might have escaped my attention; several cases of diffuse 
myelomatosis are of course likely to escape publication.^ With 
these reservations the question may be raised Avhether there are 
any significant clinical differences between the diffuse myeloma- 
tosis and nodular (wnultiplo)) myelomatosis. 

With regard to sex 14 were males, 11 females. Since myelo- 
matosis is about twice as common in men the percentage of female 
cases may seem a bit high but on the other hand the limited size 
of the material does not seem able to admit any definite conclu- 
sion on this point. The same goes with regard to the age; the 
average age is usually given as 55 years; 11 were 50 years or less, 
14 more tlian 50 j'cars, the average age of all cases being about 
53 years. As to the' duration the average historj^ is indicated to 
about 2 years. That it may be longer than that also in diffuse 
myelomatosis is indicated by Wallgren’s case VIII where the 
duration was 5 % years; if however this case as well as the other 
extreme case (Wallgren IV, 3 weeks?) are excluded it will be seen 
that out of 7 male cases only one reached a duration of 2 years 
and only three a duration exceeding 1 year; out of 10 female cases 
only one lived for 2 years whereas the duration for 6 instances 
was 1 jmar or less. The average duration of all instances (cases 17 
and 18 excepted) was not quite one year. It will thus appear, witli 
due reservations owing to the size of the material, as if the average 
duration would be briefer in diffuse myelomatosis than in myelo- 
matosis in general (i>multiple»>, i. e. nodular myelomatosis). ^ With 


^ It. might be discussed whether, a case like Tsehudi-iMadsen’s shduld have 
been included; with all probability it did represent a case of what is now known 
as poljnnorph plasmocytoina, but the peculiar ossification within the neo- 
plastic tissue makes it reasonable to place this case in a group of itself. It 
concerned a man, aged 36, duration 6 months. 

- Tire more malignant course of the diffuse myelomatosis may possibly 
be connected with a generally reduced resistance of the body. Furth found 
in myelosis in mice that tlie transmission of tire disease to another animal 
did result in multiple myelosarcomatosis of the bone system, if the receiving 
animals were previously not X-ray treated. If such was the case, liowever, 
and the resistance accordingly lowered, a typical myelosis ensued. In the 
present case (1) one may ask W'hether perhaps the cryplorchismus might be 
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rcg-ird to the oceerrence ot Bcncc-.To.ics prolcmnnn it svas loo ted 
for in 16 inslanccs, in 12 ol tvhich il n-as cnconntcrcd, .1 is thus 
at least as oltcn present in diffuse ...yclomalosis as in inyclonia- 
tosis in general, tvhcrc its occurrence is indicated as ahout 2 cases 


out of 3, .. T I . 

Tlie niacroscopical appearance has been described repeatedly 

and may only be briefly summarized here by quoting the unsur- 
passed description of Mac IntjTc: » all the ribs, throughout 

their -whole length, ^Ycrc soft and brittle, so that they could be 
easily cut by the knife, and readily broken, at any point, by the 
exertion of a verj' moderate force. They had evidently lost much 
in size and -iveight, as Avell as in consistence and tenacity; their 
outer encasement, or laminated portion, -ivas verj’ thin, loose and 
fragile, yielding and crackling when pressed between the fingers 
and thumb; their interior was charged with a soft gclatiniform 
substance of a bloodred colour and unctuous fcel.» Tlic localization 
of the affection is the bone system, occupied by red marrow. 
The neoplastic tissue is often rightly described as resembling 
splenic pulp, which may be squeezed out of the ribs by slight 
pressure, as paste from a tube. The bony substance is reduced 
and fragile and the cancellous tissue may almost have disappeared. 
Spontaneous fractures are accordingly common^ as well as de- 
formations (thoracic vertebrae wedge-form, lumbar vertebra I'fish 
vertebras etc.). Hypercalcemia may be encountered and calcinary 
deposits have been met aHUi in the kidneys, in the wall of the 
stomach, in the lungs and in the papillar muscles of ‘heart (efr 
case 3 and case 12). These features with regard to the calcium 
metabolism should be remembered, since they may be liable to 
mistake the disease lor hyperparathyroidism, all the more since 
the diuresis may be increased as well (as, for example, in Mac 
Intyre’s case). Other complications arc paramyloidosis (so-called 


of any importance in this regard: on Uic one hand Agdulir as well as Sldrlc 
bccker have emphasized the importance of the sex hormones In conncctioi 
with the resistance to the action of noxious agents, on the other hand an In 
fluence of sex lionnoncs on the hone towards hypcrossificalion has been nolci 
m certain animal experiments (Evans et al.. Endncri iininr/tr Ti 



present case, secondly that diffuse myelomatosis niay'^occ'i'm ^aisV^iil'indi 
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sprimarj^) amyloidosis), which sometimes may occur, and finally Ihe 
»Speicherungsnephrose» with its resulting mephrohydrosisi) of the 
kidney in connection mth the elimination of Bence-Jones protein. 

ad (3). The differential diagnosis of the generalized disorders 
of the bone system is of paramount importance to therapy. Hyper- 
parathyroidism thus requires surgical intervention and the same 
may be said of certain other endocrine disorders where an osteo- 
porosis may he about (such as hj^perthyroidism and, under cir- 
cumstances, Cushing’s syndrome). Osteomalacia represents a defi- 
ciency syndrome, whatever be its ultimate cause (insufficient food 
suppl}’-, disorders of the intestinal tract or of the liver) and should 
be treated accordingly. Carcinosis ossium is frequently available 
to radiological therapy, not least so when the primary tumour 
has been represented of a cancer mammae. Myelomatosis, finally, 
represents prognostically a most fatal disorder, somewhat similar 
to the malignant gliomas of the central nervous system, and the 
only therapy which hitherto can be offered is as symptomatical as 
in that case of Mac Intyre 100 years ago which was treated by 
iron, quinine and Dover’s powder. As mentioned above the only 
watertight diagnosis of myelomatosis is to be performed by one 
or both of two signs; the presence of the Bence-Jones protein in 
the urine and the histology as demonstrated by a biopsy. In in- 
stances such as case (1), where both these pathognomonic features 
failed to reveal the true character of the disease one has to rely 
upon the general clinical features, the anatomical characters and 
the biochemical tests. It is beyond the scope of this paper to deal 
more closely with the details implied by this differential diagnosis. 
It may be sufficient to remember that the general clinical features 
in myelomatosis may be almost identical with those encountered 
for example in hy^perparathyroidism, that the radiography ' in 
diffuse myelomatosis may be impossible to distinguish from the 
general osteoporotic conditions induced sometimes by hyperpara- 
thyroidism, not infrequently by carcinosis and always by osteo- 
malacia 1, and that several biochemical characters, as for example 

^ The general belief that the nodular myelomatosis with its punchcd-out 
rarefications of the bone substance should present a picture pathognomonic 
to tmultiple myeloma* may be doubted since entirely similar radiogr^s 
occasionally may be found in carcinosis, as seen for example in the excellent 
monography of Snapper on disorders of the bones. 


ON Tnr. DIAGNOSIS or myklomatosis 

the presence of hypercalcemia, may occur in myelomalosis as avcU 
as in carcinosis and liypcrparaihyroidism. II should l)c emphnsuet 
as Avas done by ns already some M years a^o, Dial sliould nn\ 
doubi exisl about the presence of hyperparalhyroidism a surflicnl 
exploration of the parathyroid glands has to he earned out, J here 
arc hoAvcver, certain biochemical features by means of Avhich a 


reasonable certainty about the diagnosis in otherwise doubtful 
instances may be arrived at. Tims, the scrum phosphate level is 
often reduced in hyperparathyroidism, never reduced in carcinosis 
and abvays normal or even increased in myelomatosis, flic ]dasma 
protein level may or may not be considerably increased in myelo- 
matosis. The phosphatase is increased in hyperparathyroidism 
and, occasionally, in carcinosis, never however in myelomatosis. 
To these features may be added the observation made in case (2) 
of the present material that the citric acid level, so important in 
clinical diagnosis elsewhere (liver disorders, etc,), may be con- 
siderably reduced in myclomalo.sis whilst it on the contrary may 
he quite enhanced in hyperparath 3 'roidism, the last mentioned 
observation being made by Sjuslrdm, Since it has been demon- 
strated, by Alwall, that the administration of salicylic acid ))rc])a- 
rations is liable to reduce the citric acid level in the blood [the 
same goes Avilh regard to the prothrombin as recently demonstrated 
by Link et al. (1943) and Rappcrl et al. (1943)] and since the 
disorders of the bone .system generally arc painfitl, hence inviting 
to the administration of analgetic.s, this source of error should be 
considered Avhen dclennining the citric acid level in such a ease. 
It has been pointed out by Dickens (1940) and Tlnmbcrg (1941) 
that the. bone system has a very high content of citric acid (about 
1 % of dried bone substance, from wliich the fat has boon removed). 
Considering this fact as avcII as Die beautiful demonstration In' 
Thunberg of the citric acid content in the egg-shell of different 
birds and in the scancer .stone.s.) of the stomach of the craw-fish, 
v/hich organs act as a calcium deposit, (in the case of the »canccr 
stonesii reversible) the hehavionr of Die citric acid level in dis- 
orders of the skeleton obviously assume onliauccd biological inte- 
rest suggesting a close connection hetween the calcium metabolism 
and the cit nc acid metabolism. From clinical point of view the 
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reduction of the citric acid level in myelomatosis is of interest 
diagnostically (vide supra), it is necessary, however, to emphasize, 
firstly, that a normal level of citric acid does by no means rule 
out myelomatosis [efr the variations of the level in case (2)], 
secondly, that further observations -will be necessarj' on the subject.^ 

ad (4). A most striking feature in case (2) has been the long 
period of improvement, from the patients point of view an 
apparent recover}'. That remissions may occur in the ultimately 
fatal course of myelomatosis is a well known fact, mentioned by 
Gcschichtcr and Copeland in their monograph on tumours of the 
bone and exemplified already by' the case of Mac IntjTe: »Under 
this treatment he improved rapidly; the pains become daily less 
severe, and by the middle of the summer he had recovered so 
much that he was able to travel to Scotland. There, on the sea- 
coast, the improvement advanced and for some time he was capable 
of taking active exercise on foot during the greater part of the 
day, bounding over the hills, to use his own expression, as nimbly 
as any of his companions. His appetite, which had at no time 
failed, became extremely keen, and he indulged it without restric- 
tion, particularly with the article of fish. This progress towards 
recovery' was, however, suddenly checked by an attack of diar- 
rhoea , In September he returned to London, in a very 

debilitated stale, but free from the excruciating pains which had 
tortured him during the spring and early part of the sinniner. 
He was again put by Dr Watson on a course of tonics and seemed 
to be gradually improHng, when he was seized, a few days before 
I saw him, with the lumbar and sciatic pains under which we 
found him suffering so severely.)) 

Similar periods of temporary' improvement have since been 
described by others, for example by' Bradshaw and Warrington 
and by' Wallgren. In our own case (1) a marked remission was 
to be noted and similar remissions have been noted repeatedly 
in previous cases of myelomatosis, observed in our clinic. As a 
rule the remission does occur only once, but when the duration 
of the history' is long, as in Wallgren’s case VIII, repeated periods 
of amelioration have been noted. It may be an accidental coin- 

’ In three more instances of niycloinalosis, recently observed the level of 
the citric acid was decreased in one, within normal levels in another case an 
slightly increased in the third case (33). 
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ciflcKc bul xvc l«vo the impression 11ml the remission ,s pnrti- 
culorlv lioHc to toko !'!»“ in Hie simnner; sueh xws II, c cose m 
Mac iWe’s case, in Wallgrcn’s case VllI (case lb m llic lalilc 
00), in onr omi ease (1) anO in some rases previously oliserM'i 
by us; Bradsbaw’s and WamnglQn’s ease likewise al first improved 
in the summer but eventually turned dowi bills and died in August . 
In several instances, where the course is more rapid, no remission 
is to be observed and occasional improvements at other seasons 
may be recorded as well. If, however, the observation is to be 
confirmed that improvements have a predilection for the summer 
this is of a certain interest .since the same seasonal amelioration 
may be observed in liyperiiaralliyroidisin and is the. rule in osteo- 


malacia. Tlic occurrence of a lemporarA' remission is hence by no 
means unknown. That our ease (2) nevertheless is quite remark- 
able in this regard is due to the duration of the rcmi.ssion. As a 
rule this duration amounts only to some few months, only in 
Wallgrcn’s ease VIII, which had in itself a remnrknhly long history, 
seems a longer period of improvement (niiproaching one year) to 
have hcen noticed. In onr oavu case (2) the duration of the remis- 
sion so far exceeds two years and is still going on It is moreover 
reinarkahle that the improvement in general condition, to be 
elicited particularly from the Avcighl ami the freedom from pains, 
has .hcen parallelled hy such ohjeclivc features as the plasma 
protein level, the relation between the globulins and nlbnmins, the 
sedimentation rate, the red count and the hemoglobin, the roent- 
genological signs and the histology as recorded hy hiop.sy (.sternal 
puncture). It should he observed that no X-ray treatment has 
hcen allowed to interfere with the course. As a matter of fact 


we have never been able to convince onr.solvcs about the useful- 
ness of this therapy in myelomatosis. - 

As a matter of fact, the occurrence of such remissions in the 
course of a malignant tumour seems to he a most remarkable 
feature, characteristic for no other ncojilastic disorder. The symp- 
tomaiological remissions to be noted during the course of cerinin 


^ Cfr. p. 227. 

1 . nlioui the seasonal prcUllecUonof mcrciiUssions ^vm 

Solitnrj’ instance.s have been Irc.nletl with raUto.slrouUum.' 
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intracranial or spinal tumours such as meningiomas and cystic 
angiomas or gliomas are of entirely different character, reasonably 
being due to vascular conditions in connection with the peculiar 
intracranial pathophysiology. In myelomatosis, on the other hand, 
one is under the impression that the body is about to get rid of 
its terrible enemy', although the efforts unfortunately are in vain, 
and the tumour is winning in the long run. Could nothing be done 
to help the body' in its fight? So far we know of no remedies but 
it is not unlikely' that the curious remission to be noted in myelo- 
matosis together with the peculiar protein conditions met with 
in this disorder may' represent a key'-hole to the enigmatic pro- 
blems of tumours in general — although still aw’aiting the key'. 

Summary and conclusions. 

1. The diagnosis of my'elomatosis is to be established with 
certainty only' by' one or both of two pathognomonic signs: the 
occurrence of Bence-Jones protein in the urine and the histological 
examination of specimens, obtained by' biopsy'. A somewhat wide- 
spread belief about the occurrence of Bence Jones in other con- 
ditions of the bone system is erroneous. 

2. Attention is called to the occurrence of diffuse myelomatosis. 
Clinically, this condition is present when no localized, punched- 
out areas are to be found rocntgcnologically'. Anatomically, nodular 
aggregations of neoplastic tissue may be found also in instances, 
judged as diffuse myelomatosis clinically'. In rare cases also the 
anatomical character is altogether that of a diffuse infiltration of 
the bone sy'stem. In order to establish this condition Avith cer- 
tainty the necropsy' will have to include also the skull. A revicAV 
is given of instances likely to represent diffuse my'elomatosis, 
the first case being observed by iWac Inty're-Bence-Jones-Dal- 
rymple. 

3. A case of diffuse myelomatosis is described (case I) where 
Bence-Jones Avas absent and w'here repeated biopsies and eA'cn 
the preliminary post mortem examination failed to confirm the 
clinical diagnosis; on re-examination of the slides from the necropsy 
the matter Avas hoAvever- established. The diffuse myelomatosis 
appears on an average to run a more rapid course than the nodular 
(»multiple)>) myelomatosis. 
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4 The diognoslic pitfalls in such inslanccs are discussed. I ho 
citric acid level of the Dlood may he reduced in myelomatosis, ns 
described in case (11). rvhilst it ns a rule is increased m hypoi- 

paralhyroidism. . . . 

5. The enigmatic occurrence of a temporary remission in the 

course of myelomatosis is demonslrated hy a case (II) whore the 
improvement so far has lasted for more than two years, no K-ray 
therapy being used. Myelomatosis stands out solitary among 
malignant tumours in this regard. 
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Three cases of arachnodactylia. 

By 

TRYGVE KAHRS. 

Submitted for ptil)lication Deccml»cr 12, 19I-1). 


In 189G Marfan dcmonslralcd al the Sociele Metlicalc des 
Ilopilanx dc. Paris a complex of symptoms under the name doli- 
choslenomelic (dolichos): long, slenos): thin, slender, mclos): extre- 
mity). Tlic condition was understood to be a skeletal anomaly, 
e.spccially charachlerizcd by long, spare exlrcinitics and long hands 
and feel. 

Two sisters with a simitar facies morbi wore described in 1902 by 
.Achard who created the term arachnodactyli. He was the first one 
to establish that the disease was of a hereditary nature and was 
found in certain families. Later on his cases have been called in 
question, but nevertheless is the name — especially in English 
and German literature used as a collective term for the whole 
syndrome. 

That skeletal changes arc often combined with ocular symptoms 
and then especially with dislocation of the crj'stalline lens was 
established by Bcirger in 1914. 

AA^eve is the first one to leave the descriptive designations and 
to endeavour to create a name based on the pathogenesis of the 
.'syndrome. In 1931 in his monography he proposed the term dys- 
trophia mesodermalis congenita, typus Marfan. He regarded the 
disease as an independent, systemic disease arisen on a congenital 
basis, and essentially caused by an abnormal development of the 
mesodermal seminal leaf. AA^eve is the first one to have shown by 
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syslematio research in the families, where araclinociactyli tom , 
that besides the typical cases there arc a number of . ormes frns- 
tcs» In these individuals only ccrlain of the characlenslics are 
present, but they arc in the same high degree carriers of the charac- 
teristic hereditary' dispositions of the disease. 

Till now about 200 cases have been described in lilcralurc., 
and in Scandinavia the disease has been commented on S or 10 
times. On account of the comparative rareness of the syndrome a 
short summary is given of the rich symptomatology' of this disease. 

It is advantageous to dhidc l^Iarfan’s syndrome into 3 groups 
of symptoms, the presence of which is necessary' for a sure diagno- 
sis. 


1. Skeletal symptoms. 

These consist of increased longitudinal growth, and extremities 
that arc remarkably’ long and slender in proportion lo the trunk. 
The extension is more decided in the distal than in the proximal 
parts. Tliis causes the long hands and feet (spider hands, palle.s 
d’araignee). Where the disease is localized to the extremities only, 
the height of the body can be normal or even lower on account of 
secondary' kyphosis. 

2. Badly developed and hypotonic musculature combined with 
loose ligaments. 

In connection with the erect Avalk ap])car kyphosis and scolio- 
sis. Tlie joints frequently show hyperflcxibilily’, which is partly 
conditional on the bad muscular tonus, and is partly due lo a con- 
stitutional deficient development of the articular capsules. The 
hyperflexibility may be so considerable, that spontaneous luxa- 


tions may arise. In spite of the spare appearance of the muscles 
the power is remarkably good, and the muscles never show any 
reactions of degeneration. 

3. Missing subcutaneous fatty tissue. 

This appears already at birth, but in other cases may not appear 
till infancy. In the face the lack of fat is least pronounced, and this 
is in contrast to the rest of tlic body. However, an oldish facial 
expression is mostly found already from infancy. In rarer cases 
panniculus adiposus is intact. Some of the persons affected have 
webbed hands and feet. All these patients seem to be suffering 

from asthenia, and the condition has been understood to be an 
extreme degree of leptosomy. 
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Besides the inevitable symptoms a number of secondary^ sym- 
ptoms occur with alternating frequency. In about 80 per cent; the 
cranium is dolichocephalic. The face is long and narrow and is 
often distinguished by a long nose and prominent chin. The auri- 
cula may be deformed with strong development of crus helicis, 
which seems to divide the auricula in two. ITie palate is high 
and arched, and uvula is often bifid. Among the more facultative 
skeletal symptoms may be mentioned deformation of the chest, 
scapula alata, spina bifida occulta, pes planus and digitus malleus. 
The Achilles tendon is projecting spur-like, and the big toes and 
the thumbs are often disproportionally long. In the fingers are 
found contractures in the interphalangeal joints of the 4th and 5th 
fingers (kamptodactyli). According to Schienz there is no osseous 
ankylosis. The growth of tendons and articular capsules does not 
proceed at the same rapid pace as that of the bones, and thereby 
a gradual flexion of the joints takes place. Contractures in the big 
joints are more infrequent. 

Ocular symptoms appear in about 40 to 50 per cent, of the 
cases, and they are dominated by dislocation of the crystalline 
lens. Weve states that luxation of the lens mostly appears in the 
grave forms of arachnodactyli, and they are only seldom seen in 
connection with formes frustes. The lens may be displaced to every 
side, but as a rule upwards and towards the nose. The distin- 
guishing feature of the luxation is, that it is two-sided and symme- 
trical. Where the lens is luxated into the anterior chamber, an acute 
increase in pressure is caused, which may indicate an operation. 
Also high-degree myopy and miosis occur. The myopy' is explained 
partly as a refractive myopy, the bulb of the eye being enlarged in 
proportion to the lens, and partly as a lens myopy on account of 
the sphericity of the lens after the luxation. The pupils react as a 
rule badly on mydriatica. Secondary after the luxation there may 
occur atrophy of the iris, degenerations of retina and atrophia 
nervi optici, which lead to complete amaurosis. Cataract in the 
luxated lenses is not infrequent. The bulb of the eye is deep in or- 
bita, partly owing to lack of orbital fat, and partly owing to an 
abnormity in the osseous part of orbita, this arching convexly up in 
the anterior cranial fossa. More seldom are seen megalocornea, 
strabismus, nystagmus and persisting membrana pupillaris. Weve 
states that the lateral part of the palpebral fissure under the effect of 
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Marfan’S syndrome is lower than the medial one in contrast to the 

palpebral fissure of the mongoloids. , r ( 

In about 30 per cent, of the cases congenital defects of Uic 
heart are found, either an interventricular defect or persisting 
ductus arteriosus. Cyanosis owing to stenosis of the pulmonary 
artery is more infrequent. Further, anomalies of the lung with 
defective pulmonary borders and poor development of the right 
middle lobe have been described. The basal metabolism can be 
lower than normally, and this has lieen cited in favour of the 
disease having its origin in the thyreoid gland. 1 he blood pressure 
is as a rule low. Tlic contents of calcium and phosphorus in llie 


serum are always normal. 

The nervous system and sexual life arc usually normal, and 
there is no laclc of secondary sexual features. Combinations with 
syringomyelia and Friedreich’s disease must probably be a coinci- 
dence. Nor has any connection between arachnodactyli and mya- 
tonia congenita, Ojipcnheiin been established, no luxations of the 
lens ever having been found in cases of myaloni. The mind is 
described by most authors as being normal. A few of tlic affected 
individuals are suffering from oligophreni, ami in Filskov’s case a 
reactive psychosis developed caused by the skeletal symptoms. 

By X rays the com])acta of the hones are found thinner, and the 
medullary casoty is broader than usual, but otherwise tlie bone 
structure is normal. The bones arc lengthened, and this is especially 
remarkabty in the case of the metacarpal hones and the phalanges. 
Epiphyses have a normal appearance, and the centres of ossifica- 
tion appear at the right time. In reality fingers and Iocs seem to 
be longer than on the Roentgenogram, as the lack of subcutaneous 
fatty tissue gives further prominence to their length and .slender- 
ness. Frontal! has shonm epiphyses in both ends of the ])halangcs 
and has considered this as a cause of the increased growth, without 

tins having later on been verified. -Sella turcica is always of normal 
size. 


Very few sections have been undertaken in connection with 
Marfan s syndrome. These have confirmed the presence of the 
heart- and lunganomalies, but they have not otherwise thrown 
any tother light on the pathogenesis of the disease. 

I he . anomaly predisposes for pulmonary sufferings, and the 
most common cause of death is pneumonia. The affected children 
IG Acta mcd. scandinav. Vol. CXXI. 
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are feeble from birtli, and they learn late to sit and to walk. The 
length at birth is frequently remarkably great, while on the other 
hand the weight is comparatively small. Most of the children die 
before they are grown. If these individuals reach grown age, how- 
ever, the prognosis quo ad vitam is considerably better, and they 
may attain as high an age as other people. The viability of formes 
frustes is far ‘greater than in the case of a fully developed sym- 
drome, and it depends on the condition of heart and eyes, whether 
these individuals become invalids or not. 

I'herapeutically little is to be done. The most important thing 
is a rational protection of the children against infections of the 
respiratory tract, benign colds and bronchitis having a tendency to 
progress. Luxations of the lens may in many cases he corrected 
by glasses. MHiere the lens is luxated forw'ards into the anterior 
chamber, extraction may'^ be indicated. Orthopaedic operations to 
correct contractures and deformities are more seldom. 


Patient No. 1. P. H. age 56, fisherman. 

On his father’s side there have ahvays been long, thin people, but they 
have all had good eyesight. He is married to his cousin, who is small and 
stoutish. They have had four sons, and two of them have been suffering 
from this disease. From birth he has been long and thin and has had poor 
eyes. In 1933 two-sided luxation of the lens was diagnosticated. He has 
ahvaj's been of good health, and has done heavy work w’ithout having been 
handicapped by weakness. 

Height: 187.5 cm. Weight: 69.1 kilos. Shoe measure 47. The skull is 
brachycephalic (index 82.1), and he has a long and narrow face (index 
103.7). The palate is high and arched. The teeth are missing. The thyreoid 
gland is normal of size and shape. Pulse 78, regular, large. Blood-pressure 


175/70. 

Cor: No dullness. In the 2nd intercostal space a diastolic, descrescendo 
murmur. Ictus cordis in 5th intercostal space in the mid clavicular line. 
The peripheral symptoms of insufficiency of the aortic valve are present. 

He has the typical deformity of the thorax (cfr. fig. 1) with small res- 
piratory movements. There is a right dorsal and left lumbar curved scolio- 
sis. The right scapula and the posterior part of the thoracic wall are more 
prominent than that of the other side. Pulmones and abdomen: Normal, 
conditions. 

Urine: Albumen- Pus- Blood- Sugar-, Wassermann reaction-. 

The musculature is lax and poorly developed, but the power is good. 
In the middle joint of the left little finger there is a 45° permanent flexion. 
The hands are spare and distinctly arachnodactylic (cfr. fig. 2). There is 
a high degree of pes planus bilateralis with digitus malleus of 2nd and -Srd 
toes. The arm length is 91 cm and the length of the leg 110 cm. 
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Fig. Is'o. 1. P.H. Note llic high-tlcgrcc kyphosis mid the dpfonned thornx. 


Eyes: ConjiincUva aiul cornea arc normaJ will) Oic exceplion of con* 
siderabie arcus senilis. Tlie anterior chambers are deep, and there is a 
decided iridodoncsis on both eyes. Tiie lens i.s spliericai and is on the lell 
side luxated straight outwards, and on the right side outwards and up- 
wards. Both lenses arc full of wliitish cataract substance. lie is able to 
distinguish lingers in a distance of about 1 metre oculi uterque, and this 
cannot be increased by correction. Tlic pupils react well upon light and upon 
mydriatica. The tension is normal. 

Roentgen shows the typical arachrodaclylic changes of hands and feet. 
X ray of the hearlshows a configuration usually found in diseases of Iheaorlic 
valve without any signs of enlargement of the heart or dilatation of aorta. 

Patient No. 2. R. H. Eldest son of No. 1. 

Since birth tall and thin. Photography at nine years of ago shows the 
changes t 3 ’’pical for the anomaly, as far as the hands are concerned' The 
luxation of the lens was diagnosticated in 1933, and later he wore glasses. 
On examination of his glasses lliesc arc found to ho the kind worn by 
persons without any lenses {-b 11 T>). Retrospectively it must be concluded, 
that this boy suffered from Marfan’s syndrome. He died of pneumonia 
in 1939 at the age of 19. 

Patient No. 3. S. H. Youngest son of No. 1. 9 years old. 

He has been thin and weakly since birth. No previous illness Admitted 
to the hospital at Sandnessjoen in December 1912 and operated on for 
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I^ig. No. 2. P. H. To the left the patient’s hand besides the author’s. 


acute appendicitis with peritonitis. The patient is in a miserable condition, 
and pannicuius adiposus is lacking entirely. 

Height: 149.5 cm. Weight: 27.2 kilos. The height corresponds to a 
physical age of 13.4 years and the corresponding weight is 40 kilos. Norm- 
ally a boy of nine is 130 — 135 cm. As shown in photography No 3 this great 
height is due to the considerably increased growth of the lower limbs m 
proportion to the trunk. 

He has the same cranial and facial form as the father (index respect- 
ively 82.8 and 97.6). The position of the teeth is irregular, and the palate is 
high and arched. The chest shows the same deformity (cfr. fig. 3), and 
there is a dorsal kyphosis and a right curved scoliosis. He has webbed 
hands, and there is a great hyperflexibility of hands- and fingerjoints. Both 
big toes are abnormally long, and the other toes show digitus malleus. 
Further he has a heavy bilateral pes plano-yalgus. The arm length is 67.5 cm 
and the length of the leg 82 cm. 

The eyes show nothing pathological. Visus is incorrected 5/5 ocuU 
uterque. 

Pirquet — Blood pressure 110/70. Haemoglobine 110- per cent. 

Urine: Albumen — Pus — Blood — Sugar — 

Roentgen shows the increased longitudinal growth of the peripheral 
parts of the extremities. There are no double epiphyses in the phalanges. 
No spina bifida occulta or enlargement of sella turcica. 




Fig. No. 3 & 4. S. H. Note the long extremities ami the lax carriage. 


Epicrisis: 'fliree cases — a father and two sons — of iMar- 
fan’s syndrome have been described. The father and the deceased, 
elder son showed the skeletal symptoms combined with luxation 
of the lens, while the case of the younger son presented skeletal 
changes only. 


There exist several theories regarding the cause of Marfan’s 
syndrome, but none of them may be said to be fully recognized. 
The fault with all of them is, that the theories are mainly based 
on hypotheses and suppositions without any positive experimental 
basis. Exogenous elements as lues, rickets, marriage between 
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relatives etc, have been discussed, but they arc now assumed to 
be w'itlioul importance. Nor is the earlier described preponderance 
of the syndrome in females in accordance Math facts, the disease 
beinfj equally divided lietween the two sexes. In about 30 per cent, 
dominant heredity in accordance with Mendel’s law of heredity is 
found. IJy the rccopnilion of the larvated forms, where only a 
few symj)toms arc present, the certainty of the hereditary nature 
of the disease has increased fiirtlicr. 

M’eve supposes tliat (he disease is an independent congenital, 
.systemic disease caused by an abnormal development of the meso- 
dermal seminal leaf. '1 lie only thing that cannot be explained on the 
strength of this (iieory is the luxation of the lens, the lens being of 
ectodermal origin. It is bis view, that a defective nutrition through 
the nrlcria liyaloidea, laid out from the mesoderm, conditions an 
impeded growDi of tiic lens in relation to the rest of the bulb. A 
secondary luxation is a consequence of lliis. Bakker has shown on 4 
lenses, which arc extracted in eases of Marfan’s syndrome, that 
these are always smaller than normally, and tliat they arc more 
spheric, 'flicir volume is equal to a stage of development in about 
the 7th month of foetal life. AYeve takes this to be in favour of the 
congenita! nature of tiie disease. In Weve’s monography there is 
in no way any atlemjit to examine thoroughly the pathogenesis of 
the .syndrome. His suppositions arc only' speculative, and no expe- 
rimental proof of the correctness of Iiis tlicorics has been given. 
Against the theory' of the congenital nature of the disease speak 
occasional observations of Ormond, Poynton and others (cit. Mar- 
fan), wlierc the syndrome has developed in infancy' after cases of 
infectious diseases. 

Francesclietti, Vogt and others understand the disease as a 
mutation dependent on abnormal coupling processes of close- 
ly'ing genera within the same chromosome, llie mutations affect 
as well the mesodermal as ectodermal elements. By' tliis the luxa- 
tion of the lens is e-\plained as a combined disturbance of tM'o dif- 
ferent seminal leaves. Tliere are however, no certain points that 
can make this theory to more than an interesting liypothesis. 

In conflict with the above theories are the attempts, that have 
been made to explain Die syndrome as a disease of the ductless 
glands. The condition has been ascribed partly to a disturbance 
of the thy'reoid gland, partly to the pitiutaiy body, and it has also 
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been regarded as dependent on pluriglandular insufficiency. Com- 
mon for these theories as for the others is, that the experimental 
proof is also here lacking. The theory' of the piluitarj' body is 
especially supported by French authors, the anomaly by them 
being understood to be an Dacromegaly arisen during the foetal 
period)). Tliis should be conditioned on an increased production of 
the growth hormone of the anterior lobe of the piluitaiy’ body in 
foetal life. Some authors claim to have shown an increase in the 
number of the eosinophil cells in pars anterior. As the pituitary 
bodies examined for a great part have been of children, where norm- 
ally a relative preponderance of the eosinophil cells is found, these 


findings have not survdved later criticism. Positive macroscopic 
changes of the pituitaiy' body or increased size of sella turcica have 
not been reported. According to this theory the luxation of the 
lens is explained as an increased growth of the bulb of the eye 
in proportion to the lens, by which tlie suspensory' ligaments of 
the lens break. 

My three cases have not contributed to throw' any further light 
on the condition. As the disease has been described only once before 
in Norw'egian literature, these cases must be supposed to be of inte- 
rest to illustrate the dominant heredity and the rich symplomalo- 
logj' of the syndrome, \\9ien the diagnosis has once been made, it 
will ahvays be easy to recognize the anomaly. As regards the patho- 
genesis and the aethiologj' of the syndrome there is today much 
uncertainty, as none of the theories laid dow'n are based on a sure 
foundation. The internal cause of the syndrome must be said to be 
entirely unknown at the present moment. 

For permission to publish this material I am much indebted to 
my chief, dr. Ragnvald Bakke, Sandnessjoen. 


Summary. 

■ Three cases of Marfan’s syndrome, the father and two sons of 
a Norwegian fisher family, are here described. The elder son died 
in 1939 of pneumonia. The skeleton of all of them show'ed the typical 
symptoms of this disease, but only two of them suffered from a 
dislocation of the ciy'stalline lens. This is the second publication 
fmm Nonvay relating to this rare syndrome, the cause ol rvhici, 
must be considered completely unknown. 
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Acute Thyrotoxic Encephalo- or Myopathy, its 
cause and treatment. 

By 

JAN. WALDENSTROM. 

(SubmiUcd for public.'ilion November 17, 191I). 


During these last years wc have observed several instances 
of severe thyi'otoxicosis shoving the type of symptoms that is 
usually classified as coma th\nrotoxicun), thyrotoxic encephalopathy 
or myopathy. As the result of iodine therapy in large doses was 
very marked it seems appropriate to discuss these cases and their 
etiology somewhat more in detail. This type of thyrotoxicosis i.s 
usually regarded as very uncommon but it. is at least not true for 
Uppsala, as we have observed 10 cases during a 10 years’ period. 

Before giving a description of our cases I shall try to summarize 
the present ideas about thjTotoxic myopathy and encephalopathy. 
At first view it seems obvious that these two gi'oups of thyrotoxic 
disease ought to be kept apart. One type of thyrotoxic myopathy 
however; the acute form to be described here, is usually combined 
with cerebral symptoms and it is then impossible to make a distinc- 
tion. Zondek has named these conditions coma bascdowicum, 
but as the patients only develop coma in the very advanced stage 
and often lack the typical symptoms of Graves’ disease such as 
exophthalmus and goitre it seems better not to use this term. 
It is possible that a new conception of the pathological mechanism 

in these cases will also give us a better name for all these condi- 
tions. 
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Syndromes described in ihe liierature as thyrotoxic myopalhics. 

Russel Brain, certainly one of the best authorities on these 
questions, divides the thyi'ogenous muscular disorders into five 
groups, as follow’s; 

1) Chronic thyrotoxic myopathy is a group characterized by the 
development of muscular wasting and weakness insidiously during 
.the course of a thyrotoxicosis. The disorder is certainly extremely 
uncommon. The muscles of the thenar and the interossei are espe- 
cially affected. Pareses of the larynx and the pharynx are sometimes 
■found. There are never signs of pyramidal involvement and fibril- 
lary twitchings are the rule. 

The result of anatomical investigations of the muscles was rathe 
poor. In one case published by Morgan & Williams it was complete! 
negative, in another there were found foci with atrophic muscl 
fibres in the muscles gastrocnemius. In this case the result of th 
operation was excellent. The tendon reflexes may be diminished c 
lost. Prostigmin is of no use but treatment of the thyrotoxicosis ma 
be followed by complete and lasting cure of the myopathy. 

Parsons & Twort described a typical case in 1939. The patier 
was a man of 50, with the clinical picture of progressive muscuh 
atrophy. No goitre, no tachycardia. Dalrymple’s sign positiv 
He suffered from nervousness and tremor. The basal 'metabolis: 
was somewdiat increased. The myopathy w'as chiefly localized in the 
shoulders, the upper arms and the small muscles of the hand. The 
patient also suffered from an intermittent dysphagia with paresis 
of the muscles of deglutition. He was given a preoperative 
treatment with iodine. The operation was uneventful. Microscopical 
examination of the thyroid showed the typical picture of th}T0- 
toxicosis. Three months after the partial thyToidectomy the 
musculature had a normal appearance. After six months the pa" 
ticnt was working as before. It is to te regretted^ that the influence of 
iodine treatment alone was not determined, but it is possible and 
even probable that restitution takes a long time in such chronic 
cases with considerable atrophy. 

Morgan & Williams in 1940 published no less than four cases 
of thyrotoxicosis with severe chronic myopathy. Two patients 
were very much improved by thyroidectomy. One patient died 
during the jireoperative treatment from respiratory paralysis. 
No obduction. The fourth had been operated upon only quite 



acute THVnOTOXIC EKCEPHALO- OK MYOPATHY, ITS CAUSE ETC." 

recently. This important publication possibly shoAVS, Ibat such 
instances are not so rare as it is usually believed. 

Ayer, Means &Lcrman. Man 48 years old. Regarded as alropb a 
musculorum. In 7 weeks lost 24 pounds. Atrophy of . practically 
all muscles AAith twilchings. Some cxophlhalmus and tremor. 
Yery slight goitre. Moderate tachycardia. To the surprise of the 
author Lsal metabolism + 58 %. Prompt response on iodine 
therapy. After 2 weeks treatment no twitchings. No cranial 
pareses. No degeneration reaction. 

Starling, Darke, Hunt & Brain publisli the history of a Avoman 
aged 60, who had suffered from asthenia for over a year. Then 
goitre Avith maximal exophthalmus and severe muscular alrojilvy 
(hands and pelvic girdle). Four months after the operation no signs 
of muscular atrophy. 

It is hoAveA^er obviously A^ery rare that such cases arc recognized 
and it seems important to keep the possibility of thyrotoxic 
myopathy in mente in cases Avith a typical muscular dystrophies. 

2) Thyrotoxic myopathy with periodic paralysis is certainly a 
A'ery great rarity. Authors Avho arc familiar Avith the picture have 
only been able to publish single instances. 4 cases from the file.s . 
of the Mayo Clinic were published in 1931 by Dunlop & Ke])ler, 
but only one case Avas observed by the authors personally. The 
clinical picture is that typical for periodic paralysis but the 
complete disappearance of such attacks after the cure of the 
thjTotoxicosis seems to shoAV what is the primary malady. 

Most well knoAAm and the subject of intense discu-ssion for scA’^cral 
decades is the combination of 3) myasthenia gravis and thyrotoxi- 
cosis. All that has been AATittcn on this subject before Hie introduc- 
tion of prostigmin for the treatment of the first malady is of limited 

value. It is certain that many cases suffering from thyrotoxic asthe- 
nia (which is not influenced by prostigmin) were formerly regar- 
ded as instances of myasthenia gravis. The favourable influence of 
prostigmin is one of the most important diagnostic criteria, but it 
must be remembered, that this drug may also cause temporary and 
partial relief in other types of muscular Aveakness (e.g. in amyo- 
trophic lateral sclerosis). It is therefore important not to make 
the diagnosis myasthenia uncritically in all patients, avIio show 
some reaction to this treatment. 
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That there arefound cases of typical tliyrotoxicosis, who also suffer 
from real myastlienia is certain. Adler has published such a case 
wdth excellent effect of prostigmin. At the operation an increased 
thymus was not found. Six months after the operation there ^\as 
still marked fatigability. 

Hermann Zondek has published another case of typical true 
myasthenia^ who reacted well on prostigmin and was considerably 
improved by radium treatment of the thymus. This was also a 
decidedly chronic case and did not resemble the acute thyrotoxic 
myopathy. Fraser has published a similar case who reacted well on 
prostigmin. 

A fact that does not seem to have been discussed in the literature 
on the influence of hyperthyreosis on muscular metabolism is the 
connection beUveen myotonia and hj'pothyreosis. The malady 
myotonia atrophicans may be accompanied by a low basal meta- 
bolism even if signs of classical myxedema are absent and no cure 
is obtained with thyroid hormone. French authors e.g. ]\Iollaret 
and Sigwald quite recently described instances of muscular hyper- 
trophy^ and a certain myotonic reaction in instances of hypothyreo- 
sis. The most striking feature was that the muscular symptoms 
disappeared with thyroid administration. Weitz has studied a case 
of postoperative myxedema -with muscular hypertrophy even in the 
cranial muscles and spasme after sudden movements and when 
exposed to cold. The symptoms were not quite typical for myotonia 
but mostly resembled this malady. ThyToid therapy gave complete 
relief. Pancher & Woodw-ard have investigated the case of a baby 
w'ith muscular . hypertrophy and signs of hypothyreosis. The child 
had a myotonic muscular reaction on percussion. Thyroid therapy 
gave complete relief but the symptoms recurred when the treatment 
■was stopped. After 3 years of continuous treatment a complete cure 
■was effected. Tliese cases seem to have been very little discussed 
as illustrating the problem of muscular disorders and thyroid dys- 
function from another side. It is possible that they are the reverse 
of liyperthyTeosis -with myasthenia viz. xvith muscular atrophy- 

Weitz has published a very interesting observation. Physician 
44 years old. Myxedema after roentgen treatment of thyrotoxic 
goitre. Basal met. — 24 %. There developed a general muscular 
hypertrophy (even the lips^ tongue and masseteres). The muscles 
became hard and the patient suffered from severe cramps espe- 
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of Wolff and other American aulhor.s ii seems 
to be an established fact that myasthenia and myolonia are to be 
regarded as reverse maladies. Quinine improves myoloma but 
aggravates the symptoms of myasthenia. I'lie reverse is true of 
prostigmin. It is therefore an interesting fact if hypothynmsis 
may be accompanied by mjmlonia, where as hypcrlbyi eosis is 
sometimes connected with myasthenia. The detailed mechanism of 
this thyroid influence on the transmission of the nerve impulse 
to the muscle is as yet not clear, 

4) Ophthalmoplegia cxophlhalmir.it is the fourth muscular disorder 
often combined with thjTO toxicosis. Its clinical picture was 
outlined by Russel Brain, who analysed 31 new cases. It may 
sometimes arise after subtotal thyroidectomy, wlicn the basal 
metabolic rate is normal or subnormal or the symptoms may 
develop during the course of a thyroto.xicosis. 

As regards the etiology the authors seem to regard the exophthal- 
mus as the primary change. From the experimental work in later 
years it seems to be an established fact that cxophthalmus is caused 
by the thyreotropic pituitary hormone. Smelscr has shown that it 
is possible to increase the weight of the orbital contents in guinea- 
pigs by the injection of this hormone. In thyroidcctomized ani- 
mals this cxophthalmus is especially severe, a fact that fils in 
well with the cases, who develop a progressive cxophthalmus 
after thjToidectomy or such cases of exophthalmic ophthalmople- 
gia, who show a low basal metabolism (Cf also Paulson 
1 . 937 ). 

Ihe role of this thyreotropic hormone for the development 
of Graves disease and the importance of an antithyreotropie factor 
has been discussed by Looser. ' * 

This has a mechanical influence on the extrinsic ocular muscles 
le intrinsic muscles of the eye arc never affected. The disease is 
amnently ehronie. Prostigmin and iodine give no improvemenr 
le condition may therefore be differentiated from the mirelv 
thyrotoxic myopathies and from myasthenia gravis. 
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The thjToid gland was examined by Turnbull in five of Brain’s 
cases. In one there was found the tj^jical picture of Graves’ disease. 
In the other four, who had been healed with iodine there was found 
much colloid but the epithelium was often cylindrical and there 
were found numerous very small acini. Lymphocytic infiltration 
was also noted. Turnbull compares the findings with the picture 
from 50 consecutive cases of Graves’ disease and concludes that 
the changes correspond to findings that are unusual in Graves’ 
disease but they arc not incompatible with this diagnosis. Extensive 
examination of several ocular muscles was only possible in Case I. 
There were found perivascular lymphorrhages in all five examined 
ocular muscles and in the m. sternohyoideus. The muscles have 
been examined in other cases also and have been found to be 3—8 
times as great as normal with edema, round cell infiltration, and 
interstitial fibrosis but no fibrillarj' changes. 

On the other hand it must he pointed out that one of Russel 
Brain’s cases showed signs of chronic thjTotoxic mj’opathy together 
with ophthalmoplegia exophthalmica. The myopathy in this case 
was improved by th}Toidectomy but some diplopia remained. 
The operation otherwise seems to have slight influence on the 
ophthalmoplegia. It is evident that the different types of tlij-ro- 
genous myopathy may be combined in the same patient. 

5) Acute thyrotoxic myopathy is regarded as very rare and 
Russel Brain points out, that death ahvaj’s occurs, usually within 
a week or two of the onset of the bulbar sj'mptoms. This group 
will be the subject of the present paper. 

It is usually associated with signs of thyrotoxic crisis or thjTO- 
toxic coma and the most striking symptoms are those of a bulbar 
palsy, hluscular weakness of the limbs also occurs. Severe cerebral 
symptoms such as paraphasia, acalculia and psychosis with hal- 
lucinations seem to indicate that the disorder is often either accom- 
panied (or caused?) by a real encephalopathy. It may be very diffi- 
cult to determine if the palsies are of cerebral or muscular origin. 

The following instances of acute thyrotoxic encephalo- or 
myopathy may be quoted from the literature. 
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Summary of case 
suffering from coma 
ireating this problem. 


histories from the literature of patients described as 
thyrotoxicum or thyrotoxic encephalopathy and papers 


Some older cases may be found in Satder. 

Friedrich von Midler (189-1). Case I. IVonian, -18 years old. Goitre, and 
numerous small Ivmpli glands in the neck. BroNvn pigmenlal.ons in (he 
face Exophlhalmus. Tremor. Nasal speech. Paretic dysphagia. Inconti- 
nence, somnolence. Exihis. The thyroid gland showed small acini, high 
epithelium and Ivinphocylic infiltrations. The medulla oblongata was 
carefully examined also by Siemerling. There was found a degeneration 
of nerve fibers in the vagus. Sympathetic system normal. A few recent 
bleedings in (he nuclei nn VI, XI and X. Case 1 1. Woman 22 years old. Typi- 
cal Graves’ disease with moderate goitre. Nasal speech with paretic dyspha- 
gia. After angina incontinence. Exitus. Spinal marrow, medulla oblongata, 
pons and pedunculi cerebri microscopically normal. Only in the bottom 
of the fourth ventricle rather numerous, quite recent, bleedings especially 
around the vagal nucleus. Sympathetic system normal. Case III. Woman. 
3G years old. Slight exophlliahmis, inoderale goitre. Voice very feeble. 
Mentally clouded. Restless. Incontinent. Exitus. No microscopical examina- 
tion. Case IV. Woman *18 years old. No typical encepbalopalhy but hal- 
lucinations. Marked orbital pigmentations. No ohdiiction. Case V. Woman 
25 years old. More chronic course of the disease. Strong exophthalmu.s. 
Severe perspiration. Brown pigmentations in (he face. Fine tremor. Aphonia. 
Dysphagia paralytica. Later coma. Exitus. The medulla spinalis cl oblon- 
gata, pons and pedunculi cerebri normal. Some small bleedings in the bot- 
tom of the fourth ventricle. Thyroid gland hyperplastic with numerous 
lymph glands. The author believes that the bleedings found in his 3 cases 
are agonal. Any signs of older bleedings or foci of any kinds wore missing. 
The anatomist Siemerling examined the central nervous system. 

Rankin (189C) Woman. »Bulbarparalysi.si>. Exitus. Sutcliff (1898). Case V. 
Woman of 33. Nasal, feeble speech. Increasing vomiting. Muscles of pharynx 
and larynx paralyzed. Exitus with clear conscience. 


Dinkier (1900). Woman of 42. Involuntary movements in the right arm, 
and both legs, later left-sided hemiparesis. Indistinct nasal spcach »as in bul- 
bar paralysiso, incontinence, mental confusion, coma. Exitus. Oppenheim 
(1901). Youth of IG. A typical case with bulbar speech after exertions, ptosis, 
masticatory and palatal paresis. After 3 months exitus with now bulbar 
symptoms and kachexia. The malady ran a somewhat protracted course 
but cases with spontaneous recovery and relapse are known from later 
years. NoUiing known about coma. Possibly an instance of mvaslhonia 
gravis. Klien (1909). Woman of 50. Very acute thyrotoxicosis witii marked 
general asthenia, high fever, nasal, indistinct speech dnd palatal paresis 3 days 
ante exitum. Semicomatose; There was found a large thymus at the nosf 
mortem. Kappis (1911). The first case ought to be rejirded as anlst nc' o 

ophthalmopegiaexophth.Womanof23.Palatalparesiswilhnasalvoicc Ten 

months post op. still somewhat paretic. Woman of 4G. Acute very severe 
Graves disease with paretic dysphagia for several months. Exitus after 
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operation. The post mortem showed signs of odegeneration in the nuclei nn. 
IXet XoHeuer (1916). Man of23. Bilateral ptosis, diplopia, severee.xophthal- 
mus. Difficulty with the chewing, nasal speech and palatal paresis. For 
three weeks very feeble in the extremities, ilask-like face, open mouth, 
cannot cough. No sensory losses. Rather well nourished. No myasthenic 
electrical reaction. Death two days after arterial ligation in respiratory 
paralysis. Fischer (1922). Case XI. 35 M. Treated uith roentgen. Restless 
and confused, later difficulty in swallowing. Exitus. Kessel & Hyman (1925). 
Seven cases died in a crisis before operation. Case II showed dysphagia, 
delirium, later coma. Was treated with 5 mg thjmoxine i.v. with improve- 
ment. Three cases of crisis were treated with thyroxine with good result. 
»This therapy is to be regarded as a heroic measure in the presence of a fatal 
prognosis.o Klien (1927). Woman of 50. Fever, severe asthenia. Three days 
before death paresis of deglutition. Riese (1928). Gives the case history ol 
a patient with postencephalitic parkinsonism, who developed a morbus 
Basedowi. With due regard paid to the common occurrence of these two 
maladies it is evident that their coincidence in the same patient may be 
purely fortuitous. 

Wedd & Permar (192S). Woman 37 years. Typical exophthalmic goitre in 
1914. In )May 26th diplopia, exophthalmus and difficulties in moving the eyes. 
Loss of weight, firm goitre. Complete external ophthalmoplegia. Basal met. 

22 )- 44 %, Blood pressure 130/65. The patient was given Lugol’s 

solution with considerable improvement. Later paralytic dysphagia, 
incontinence. High fever, catalepsy. Delirious. Exitus in coma with tachy- 
cardia (230), Section; ThjToid gland: tJT)ical picture as in thjTO toxicosis. 
Microscopical examination of thecerebrum: nothing pathological. Nosignsof 
encephalitis. Goette (1929). Woman of 25. After roentgen treatment thjToid 
crisis with severe asthenia, blurred speech. Exitus. Typical Basedowic goitre 
and thymus persistens. Woman of 32. After roentgen treatment fever, leuco- 
cy tosis, angina?, coarse tremor, blurred speech, incontinence. Later comatose 
witli rising fever. Exitus. H. Zondek (1930). Four typical cases of Graves’ 
disease: Woman of 32. Blood pressure 160/55. Fever, mental confusion. 
Pharjmx dry. Severe incompensation. Coma.Exitus. Woman of 31 . Subfebrile. 
Severe tachycardia. Coma. Exitus. Woman of 54. Temp. 38^. Severe adyn- 
amia, lower jaw hanging down. Pharynx dry, red. oBenommem. Real coma 
not present? Woman of 40. Speech blurred, paresis of deglutition, can hardly 
speak. With quinine and glucose improved. After seven rveeks much improv- 
ed. Prufer (1931). Man of 33. •Apathetic'). Exitus. Woman of 68. sComa 
Basedowianumi). Exitus. Woman of 49. Paresis of the arms, confusion. No 
detailed nenrological analysis in any^ case. All developed after roentgen treat- 
ment. Wiillenweber (1931). Woman of 58. Enormous exophthalmus. Tremor. 
Tachycardia. Basal nret. -j- 70. Increasing mental dullness with bulbar 
speech and ptyalism. Exitus. The central nervous system Tvas examined b) 
Spielmeyer, who found nothing pathological. Greene & Greene (1932). 
Point out that iodine therapy is the most important of all for the control 
of a thjTOtoxic crisis. Relate one case of thyrotoxicosis, who suffered from 
varicose ulcera and was given injections for these in spite of warnings. 
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\ftcr (becauscof ??) this Irealmenl a severe crisis witli e.xitus. Carnot, Riiclolf 
&Veran (1932). Women of 29. Died in a coma after five weeks inaladj. 
Nothing about neurological symptoms. Mulleraiul Livades {1933), Two-cascs 
(women of 55 and 31) -with considerable mental dullne.ss. Both were treated 
with potassium iodide (0,5 gx 2) with good results. Lahey (1932) witcs a paper 
on atj’pical hyperthyroidism. He points out that Dapathetic hyperthyroi- 
disms occurs in patients over 40 — 50 years of age. Often no exophthalmus, 
goitre or tachycardia. The basal met. is usually not very much increased. 
These patients die in a coma, the activated groups die in excitation. The 
apathetic patients are often undiagnosed, they get unexpected fatalities. 
No detailed case histories. Bayley (1934) has seen 51 instances of preopo- 
rative thyroid crisis. Gives the data of one iodine-withdrawal crisis (no coma) . 
19 of the cases died. It is important to know that the basal met, may be 
comparatively low. Insomnia is an early sign of impending crisis. Water 
and glucose together with iodine are very important in the treatment of such 
conditions. Digitalis gave no pulse decrea.se in any of the 51 cases. Krotoski 
(1934). Woman of 31. Strong exophthalmus. Tachycardia 8. Basal met. -f 
C3. She developed signs of angina and became decidedly worse with blurred 
speech, apathia and intense asthenia. Paretic dysphagia, incontinence, coma. 
The patient was treated with Lugol’s solution, but the dosage is not noted, 
and it is not quite clear if the improvement after a week was due to .the 
treatment. She left the hospital and after 6 months she was in a rather good 
condition. After two months there were not found any signs of Grave.s’ 
disease. Risak (1934) publishes some observations of morbus Basedowi 
in patients, who suffered from what was regarded as postencephalitic 
parkinsonism. Regarding these co-ses the same criticism holds true as for 
Riese’s case. Only the fact that morbus Basedowi was significantly 
more common among patients with parkinsonism than among normals 
would be of any value as a proof. Wijnbladh (193G). Case 1. 'Man of 53. 
No exophthalmus, moderate goitre, tremor with athetoid movements. 
Later mental dullness, blurred speech, incontinence. Coma with fever 
(40°). Pulse 140 with auricular fibrillation (ccg.). Blood pressure 120/70. 
Was given enormous doses of iodine (up to 1700 mg/daily partly i.v,). 
Gradual improvement, operation. Complete cure. Control 2 years after op! 
Case II. Woman of 55. Very slight goitre. Tachycardia. Blood pressure IGO/Gs! 
Basal met. 55. Diarrhoea and vomiting. Precoma, confusion, blurred 
speech. Iodine i.v. (up to 7G0 mg/daily). Operation. Complete cure. Control 
2 months after op. Case III. Woman of 37. Typical Graves’ disease with goitre 
and exophthalmus. Blood pressure lCO/75. Pulse 140, no fibrillation (ecg) 
At first agitated. Later mental dullness. Right-sided VI and XII paresis’ 
hoarseness, paretic dysphagia. Then coma with areflexia. In spite of iodine 
medication i.v. in Ia,,;c doses tor 1 days esite tvilli cxireinc Inclivcaidia 
coma and hyperpyrexia (41"). p„,si toxic eoide 'criilrai 

nervous system nothing pathological ^ e.E,tnuai 

''™'l';;™"&K™f(»937).Wo,„ai,ol22.ReIapseaflcroncralcdGravesi 

disease The patient developed a maniacal delitiiim Was treated ivin '? 

hyrexino ..v. The lever disappeared, so did the psychosis ' AnorC vS 

-Ac/a med, scandinav. VoL CXXI, 
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coma, exitus. Post mortem: nothing of importance. The case history shows 
the progression of the disease from agitated to apathetic thyrotoxicosis. 

Bansi (1939) has certainly the largest and most extensive experience of 
severe thyrotoxic crises (32 cases). As his work is published in a widely spread 
publication I shall not go into details and only refer to the original work. 
Of 30 cases, who were closely followed there were 19, who suffered from 
dysarthria and paretic dysphagia. One case had only dysarthria \vithout 
symptoms from the pharynx. 24 patients were regarded as suffering 
from a coma. Only 2 of these were saved with iodine therapy. Practically 
all patients showed signs of adynamia. Incontinence, oliguria, albuminuria 
and urobilinuria were common. Terminal rise of fever was practically 
always present, but it is important to note, that in one case of typical mortd 
thyrotoxic crisis with coma and bulbar paralysis there was no final pyrexia. 
It is thus not an obligatory sign. It is also important, that the basal meta- 
bolism varied between very high values and such comparatively low findings 
as -j- 30 — 40 %. Auricular fibrillation was only noted in 9 cases but it seems 
probable that it might have been present dso in others. ' 

Wolpers & Arnold (1941) have treated a number of cases suffering from 
thyrotoxic crises with diiodo tyrosine {d.i.t.) intravenously. Case I. Woman of 
36. At first great restlessness, later blurred speech, coma but normal tempera- 
ture. Severe cardiac incompensation (fibrillation, liver enlarged). Treated 
with large doses d.i.t. intravenously. (1050 mg on four days + 0,5 g potas- 
sium iodide and 150 mg d.i.t. per os). Operation uneventful. Case 11. Woman of 
49. Classical Graves’ disease. Adynamic, delirious. Great improvement with 
d.i.t. i. V. After the operation severe reaction, w'hich was combated through 
the administration of 700 mg d.i.t. i.v. Good effect. Case III. Man of 46. 
Icteric, adynamic, somnolent. I.v. d.i.t. with good effect. Case IV. Man of 54. 
After angina blurred speech, severe diarrhoea, was given very large doses of 
d.i.t. i.v. (450 mg x 1 x 4). Operation. Good effect. Case V. Woman 
of 52. Severely adynamic, mentally clouded. D.i.t. i.v. (450 mg x 1 X 4). 
Good effect. Case VI. Man. After angina somnolence. Blurred speech and 
progressive adynamia. After four days of 400 mg d.i.t. x 1 X 4 i.v. 
marked improvement. Operation. Good effect. Case VII. Woman of 28. 
Treated with prostigmin for itadynamic Basedowi). No effect. Case VIII. 
Man of 53. Died in spite of very large doses of d.i.t. 

Even if the clinical picture is varying, certain characteristic features 
may be pointed out. It is evident that a coma is often present perhaps 
always as an agonal sign. On the other hand the name coma Basedowicum 
is hardly suitable as many patients show other much more important sym- 
ptoms than a coma as an indication of impending crisis. Some authors even 
regard insomnia as a warning (Bayley). The skin is often not so smooth 
and soft as usual but dry and hot. Pigmentations in the face of a dark- 
brown colour have been observed. The throat is often red and dry. This 
has certainly in some instances led to the assumption that an angina 
were the immediate cause of the condition. The status of the circula- 
tory apparatus tends to aggravation with auricular fibrillation and low 
diastolic pressure. Sub finem there may be found an increased diastolic 
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etcssetc es sign of severe dccompensalion. (Bansi). Signs from the liver 
Tnd Ihc kidneys arc not characteristic ot an impending crisis but ohguna 
is a common result ot the patients low fluid intake. That changes in the 
creatine-creatinine index may be helpful for the early 
coma has been shown by Bansi. Bad appetite and great thirst 3ie also said to 
be premonitory signs. A slight fever is such a common finding in tlpo- 
toxicosis that it can hardly be ot any diagnostic value but a rising fever 
without any apparent cause should always lead to the suspicion that a 
crisis is near at hand. In the final stages hjTierpyrexia is a very common 
sign although it may be absent. 

A number of cases published as thyrotoxic coma or crisis have not 
been investigated thoroughly as regards symptoms from the nervous 
system {Gulzow, Schildknecht, Carnot a.o.). It is difficult to judge it loca- 
lized parcses and other pathological signswouldhavebeen found in these ca- 
ses. As the coma in itself may be regarded as a sign of disturbed cerebral 
function these cases have been included as instances ot encephalopathy. 

The bulbar symptoms are most characteristic. A pharyngeal paresis 
or paralysis with resulting dysphagia is common and often leads to 
severe disturbances. The speech becomes blurred, nasal, bulbar. Pare- 
sis of the vocal cords may lead to aphonia. But also the masticatory func- 
tion and the movement ot the eyes may become impaired. A very 
severe general asthenia is the rule and it may naturally be assumed that 
(be paralytic muscles are only instances ot the most profound adyna- 
mia i.e. Uiat the same process is leading to muscular weakness of different 
degree. In such a case it may as well be assumed that this process is located 
in the muscles as in the central nervous system. 

There are however other symptoms, whose location must be sought iu 
tlie central rervous system such as paraphasia, acalculia, hallucinations 
and also such signs as choreatic or athetotic movements etc. It seems most 
appropriate to keep tlie old term encephalopathia for such instances and 
I shall later discuss the reasons, why alsa the term myopathy ought to be 
used for one group ot symptoms. 

As regards the anatomy of these conditions the data seem to be meagre. 
Mo biopsies of tlie asthenic muscles have been published nor do I know 
ot any post-mortem examination of the skcletalmuscles. The central ner- 
vous system has been examined thoroughly in a large number ot cases. 
(F. V. Jluller-Siemerling; Wttllemveber-Spielmeyev, Klien. Kappis. Wijn- 
bladh-Bcbring a.o). In some cases there were found bleedings in the region 
of the cranial nuclei. It seems probable that F. v. Muller is right in his 
judgment that they are hardly of any importance tor the explanation 
of the syndrome and are rather to be regarded as agonal. He also points 
out that the brain has been found absolutely normal anatomically in typi- 
cal rases. Since that time such an eminent authority on cerebral pathologv 
as SpiDlmeyer has been in a position to examine the cerebrum from one 
rase and decides It normal. It is thus emdent that the lesion is not anato- 

aSiate tlmlapy " ot 
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Personal cases. 

Case 1. A. A. Woman Lorn in 1894. For about a year goitre. For half a 
year considerable loss of weight (8 — 10 kg) with diarrhoea. Tremor, ame- 
norrhea. Increasing heart troubles with severe dyspnoea. 

Admitted on Nov. 4th 1935. Somewhat depressed, weeps during the 
conversation. Is not able to be still in bed and is always mo^^ng about. 
The skin moist. Eyes somewhat glassy with moderate exophthalmus. 
Fine and coarse tremor in the fingers. The respiratory movements quick, 
irregular »atactic» — very much resembling what is sometimes seen in pa- 
tients with chorea. Some cyanosis of the lips and edema. Temperature 
subfebrile. Pulse 160. No angina. Thyroid gland diffusely enlarged. Sleasiire 
of the neck 39 cm. Heart: some general enlargement; auricular fibrillation, 
pulse deficit 160/110; signs of hydrolhorax, liver enlarged. Blood pressure 
180 — 150/120. Reflexes normal. Urine: traces of albumin and urobilin. 
Treated with Verodigen probably with some effect as the tach 3 'cardia di- 
minished and the pulse deficit disappeared. She also felt somewhat calmer 
and it was then possible to determine the B. T^I. which was -f 47. viz. 
-f 44 %. Ebg. auricular fibrillation with some ventricular E. S. On Nov. 
20th rising, unexplained, temperature. No leucocytosis. The patient is now 
treated with roentgen. The bas,al met. went down with this treatment to 
+ 25 %. 

On Nov. 30th temperature increase to 39°, 8 with severe tachj'cardia. 
Signs of angina lacunaris. Leucocytes 9.900. On Dec. 3rd throat somewhat 
improved. Lower temperature. No signs of pneumonia but some expec- 
toration. On Dec. 11 th very nervous during the night. Talking incoherently. 
Small choreatic movements in hands and feet. Is not able to take a deep 
breath. Pulse 118/112. Blood pressure 155 — 140/85. During the following 
days severe asthenia. Is not able to put out the tongue. Definite paresis 
of N. VII. dx. The patient shows great difficulty in starting movements. 
No myodystonic reaction in the muscles of the right arm and hand. 

During the following days severe mental sj^mptoms. Is not able to ans- 
•wer questions correctly. Marked perseveration, is therefore not able to say 
the name of different objects directly. Verj^ great difficulties in counting 
{2x2=8, 2x3=10, 4X6= 12). Severe apraxia even for simple 
movements. Speech indistinct. Cranial nerves: no diplopia, paresis of right 
lower facialis, no pareses of the soft palate. The tongue noiv seems to deviate 
to the right. Great difficulty in opening the month. No achilles reflexes. On 
some day's considerable excitement. Does not react when spoken to. Then 
comatose with great increase of the hyperkinetic symptoms from the arms 
and fingers (choreiform). On Nov. 11 th exitus -with temperature 41°,8 
and severe tachycardia. The post-mortem showed tj'pical struma Base- 
dowiana, bronchitis, thymus persistens (50 g), bronchopneumonia and 
splenitis. 

The case historys show the typical development of an encephalopathia 
thyreotoxica. From the beginning only signs of hyperthj'reosis. After 
angina typical sev'ere symptoms. It is often discussed, if the thj'rotoxic 
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crisis sometimes described as occurring after an angina is not really m itself 
the cause of the red, dry and sore throat. In this case it seems certain that an 
infectious process of the tliroat was really present. (Ti^ical angina lonsilla- 
ris with crypts filled with pus, high fever, leucocytosis and increased sedi- 
mentation Vate). Localized pareses were only noticed in the right facidis 
and possibly in the tongue, but there was severe general adynamia as sign 
of severe myopathy. The signs of cerebral dysfunction (encephalopathy) 
were unusually marked. The choreiform movements and the incoordina- 
tion of the respiratory movements may well be regarded as^ indicating 
damage to the basal ganglia. The perseveration, the acalculia and the 
general psychotic sj'mptonis ending in a coma indicate severe disturbance 
of the function of "the cerebral cells. The possible mechanism of these 
s}-mptoms -will be discussed later. 


Case II. G. L. Woman born in 1881. Admitted for Graves’ disease. For 
three years increasing perspiration and tach 3 'cardia. Also noticed goitre. On 
Febr. 20th 1936 difficulties in speaking and paresis in the left arm. Bed- 
ridden since then. Admitted on April 25th 193G; Slight generalized swelling 
of the thjToid gland. Tachj'cardia. Basal met. -f- 25 %. Blood pressure 
150/100. No tremor. Rather correct orientation but finds names with 
great difficulty. Is not able to give a coherent anamnesis. Cannot find the 
name of the month. Tells the order of the months correctly. No motorical 
speech defect. Finds the names of ordinarj' objects. All sorts of calculations 
quite inexact. Does not realize the difference between plus (-r) and times 
(x), (used to do all sorts of calculations without pen and paper). No de- 
finite pareses, reflexes normal. On April 29lh marked mental confusion. 
Is not able to read, aloud. No initiative. ’i^Hien she has eaten one pl'ale 
she does not by herself get along with the next. The same sj'mptom is seen 
also in other practical occupations, Avashings etc. 

On May 5lh still more apathetic. On May 9th auricular fibrillation, 
severe tachj-cardia 140. Coma and rising temperature, Exitus on May 11th. 
The clinical diagnoses were cerebral arteriosclerosis (tumor??) + morbus 
Basedo.wi -F bronchopneumonia. 

The obduction disclosed inter alia: struma diffusa colloides el parenchj'- 
matosa toxica. Some parts of the gland showed a toxic picture Avith high 
epithelium. Microscopical examination of the cerebrum: leptomeningitis 
chronica. 


The case history is typical for Graves’ disease. MHicther the insult ac- 
companied by difficulties to speak and paresis of the left arm ought to be 
regarded as vascular, is impossible to judge. The post mortem at all events 
did not show any signs of haemorrhagia or thrombosis cerebri nor was 
any tumour found. Clinically a localized paresis does not belong to the 
ypical picture of encephalopathia thjTotoxica. The difficulty to count 
(acrfc«l,a „nlhoul signs ol real alasia have been described as a symplom 
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Case III. W. M. Man born in 1867. No previous maladies. Since the be- 
ginning of spring 1937 increasing dyspnoea, insomnia, bad appetite with 
considerable loss of weight. For about a fortnight vomiting after the meals. 
He had also had three to four loose motions daily. The patient had noticed 
an increasing tremor for about a j’car. Ho had been very nervous and 
suffered from severe sweating. 

Admitted to the Med. Clin, on Jan. 5:th 1937 with the diagnosis Insuft. 
cordis + Hypertonia. Somewhat dyspnoic and cyanotic. Slight pitting 
edema of the ankles. Very nervous, severe tremor. Thyroid gland not 
palpable. Neck measurement 35 cm. Heart slightly enlarged to the left. 
Systolic murmur and fremissement; auricular fibrillation. Blood pressure 
195/CO. Capillary pulsations. Liver considerablj’^ enlarged. Urobilinuria. 
The patient was treated with digitalis and diuretics, without much bene- 
fit. A basal metabolic examination gave the value of ■+• 62 %. He became 
restless at night and suffered from severe diarrhoea. The blood pressure 
showed the same big difference between syst. and diast. (200/90,205/00, 
195/55) on different daj's. The patient developed a coma with rising pulse 
(155) and temperature (39°, 3). Treatment with diiodotyrosine and qui- 
nine did not influence the development of the malady and the patient 
died in profound coma. The post mortem showed no signs of aortic insuft. 
but hypertrophy especially of the left ventricle and thrombosis auriculi 
cordis dx. Signs of general stasis, bronchopneumonia and acute splenitis. 
Micr. examination of the thyroid gland showed a struma colloides nodosa 
basedowificata (the slides could not be reexamined). 

The clinical picture shows no localized nervous symptoms but the 
patient died in a coma with rise in pulse and temperature. Many of the 
cardinal clinical symptoms of thyrotoxicosis were present. The post mortem 
confirmed the clinical diagnosis. It is probable that an intense iodine 
treatment would liaA'e changed the fatal outcome. 

Case JV. A. M. Woman born in 1871. For 7 — 8 years the patient has 
suffered from increasing dyspnoea on exertions, tachycardia and edema of 
the ankles. Has been treated durring the last year lor hypertension. Digitalis 
did not give any relief. Since Oct. 1937 increasing symptoms with diarr- 
hoea and cardial asthma. Bad appetite with enormous decrease of weight. 
(20 kg.). Insomnia. 

Admitted to the Medical Clinic on Jan. 28th 1938 with the diagnosis 
Insuff. cordis + albuminuria (uremia?). The patient Ipoks very tired and 
emaciated, changes her place in bed restlessly and is never still for a mo- 
ment. Gives adequate answers. Thyroid gland slightly enlarged. Fine tremor 
in the lingers. No exophthalmus. Heart: strong pulsation over the precor- 
dium. Ictus resistant. No fremissement. Systolic murmur. Auricular fibn - 
lation, deficit 115/106. Blood pressure 220/100. Liver not enlarged. Albu- 
minuria. Non protein nitrogen 33 mg %. Icterus index. (Meulengracht) 9. 
During the following days treated with digitalis without any improvement. 
Blood pressure 205/85, 250/90. Increasing leucocytosis. 
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A thyrotoxic crisis was suspected in spile of the fact, that the patient 
did not show any obvious enlargement of the thyroid gland nor a trace o 
exophthalmus. The basal metabolism was determined winch gave the result 
+ 115 (215 %). During the following days much worse with motorical 
restlessness, later coma. Temp. max. 38°. Increased temperature and pulse. 
It is to be regretted that no special search for parcses w'as made before the 
development of the coma. 

5 ml Plummer’s sol {= 630 mg J) were given i.v. in 300 ml 5 % glucose. 
On the following day unchanged status (it may be noted as a curiousity 
that the patient had a marked increase of the stippled erythrocytes after 
the injection). 

During the following days considerable inprovement. Eats and drinks 


very well. Is now able to take Plummer’s solution per os. 

The patient was transferred to the Surgical Department where a 
subtotal thyroidectomy was performed (Dr. Groth). The goitre was unex- 
pectedly large as it extended dowm behind the trachea (50 g). Micr. dia- 
gnosis: struma colloides basedowificala. Signs of marked toxicity. Colloid: 
strong red colour with Kraus’ staining. 

Readmitted to the Med. Clin, on March 22nd, Very great improvement, 
no tremor, blood pressure IGO/IOO but still fibrillation. After her return 
home her hypertonia recurred. Pulse rhythm normal on ecg. from 10/5 
1938. Readmitted on Nov. 17lh 1939. Immediately after her return 
home she felt very well but she has now suffered from signs of cardiac 
incompensation. Heart: normal status, no fibrillation (ecg.). Blood pressure 
195/130. NerA'ous system nothing important. Readmitted on Oct. 7lh 
1942. Felt rather well. No severe imeompensation. Increased 20 kg. in 
weight. After bodily exertion on. Oct. lOlh the patient felt dizzy but did 
not lose consciousness. Increasing headache. On admittance cervical 
rigidity. Blood pressure 240/120. Lumbal puncture fluid macroscopically 
blood-tinged. After centrifugation strong yellow coloration. Protein reac- 
tions strongly positive. After some weeks diplopia with extrinsic and 
intrinsic paresis on the right side. Severe pains behind the right eye with 
occanonal vomiting. Increasing ptosis with total paralysis of N. III. 
Nn. IV and VI normal. The patient wms transferred to the Surgical Clinic 
for operation, if possible, of her carotid aneurysm. The operation could not 
be carried through as the patient got se\-ere cerebral symptoms when 
the carotid artery wms temporarily clamped. 


Patient later died at home after a new subarachnoidal hemorrhage 
For many years severe incompensation regarded as hypertensive in its 
origin. The patient had not the classical face seen in Graves’ disease and no 
palpable goitre, but showed the curious mixture of motorical restlessness 
and apathetic expression of the face. A coma developed rapidly It- was 

treated with large doses of iodine intravenously with considerable imprl 

vement. Operation with no complications. Good results of this treatment. 

cJT "maladies of no interes At 

Ghristmas-time 1937 much work j At 

sllgh. temperature.’ljo appci,: ind ln™Lrdittei[J 
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in s^vallo^Ying. Considerable loss of weight. Not been able to be out of bed 
for the last weeks because of dyspnoea, tachycardia and intense sense of 
fatigue. 

Admitted on Jan. 8th 1938. Psychically quite clear but intensely fati- 
gued. Is not able to sit during the pulmonary examination. Very feeble 
musculature. Thyroid gland normal. Blood pressure 120/70. Heart normal. 
Reflexes normal. Decided atrophy of the small muscles of the hand. Icterus 
index (Meulengracht) 10. A thj’rotoxic crisis was suspected and an exami- 
nation of the basal metabolism was performed. It gave the value -!- 44. 

During the following days increase in pulse, leucocytes and temperature. 
Temp. max. 38°. Pulse max. 140. The patient became dull with periods of 
restlessness, no appetite, brings up great quantities of mucus but no real 
vomiting, no exophthalmus. Irregular tremor. He developed a transitory 
rightsided palatal paresis and later also signs of paresis of the pharynx 
(roentgen). Lumbar puncture normal. Blood pressure 110/00. Paroxysmal 
auricular fibrillation. From Jan. 18lh — Jan. 21st. persistent fibrillation 
(ecg..). After three days’ treatment with Plummer’s solution 10 drops thrice 
daily the fibrillation disappeared. The pulse rate diminished. The general 
status improved. VHien the iodine medication was stopped the status got 
worse with increasing tremor and tachycardia and the auricular fibrillation 
started again. The patient was therefore transferred to the Surgical Depart- 
ment for operation. 

Treated in the surgical department with Plummer’s solution 15 dr x 3. 
On Febr. 28th subtotal thyroid resection (Prof. Hulten). The gland waslarger 
than expected and very hard. The extirpated parts weighed 85 g. Mac- 
roscopically typical picture for Graves’ disease. Microscopical diagnosis; 
struma Basedowi. The signs of toxicity were not so marked but the Kraus’ 
coloration showed pathological changes in the colloid. After the operation 
the patient was treated with 5 ml Plummer’s solution i.v. This was repeated 
once more on March 2nd. On March 9 th oral therapy with iodine was 
stopped. Post-operative developement uneventful with steady improvement. 
Ecg. normal. No tachycardia. 

The patient suffered from atypical thyrotoxicosis. He showed intense 
asthenia with decided atrophy of the small muscles of the hand (chronic 
thyrotoxic myopathy). Later there developed signs of thyrotoxic crisis 
with mental dullness and pharyngeal pareses and also paroxysmal auricular 
fibrillation. A roentgen showed a typical picture of pharyngeal paresis. 
The patient has great difficulties in lifting the larynx. The morsel fills the 
sinus piriformes and valleculae. It enters the aditus laryngis. A streak 
is also seen in a main bronchus. When the pharynx is put under high 
internal pressure (Valsalva) it expands probably more than normally. With 
Plummer’s solution perorally marked improvement. After operation comple- 
tely restored. 

In April 1944 (telephone information) the patient feels quite strong 
and works as usual. 

Case VJ. L. E. Woman born in 1876. Admitted to the Medical Clinic 
with the diagnosis myocarditis chronica (insuff. cordis), on June 28th 1939. 



267 


acute thyrotoxic EXCEPnAI.O- OR MYOPATITY, ITS CAUSE ETC 

In Febr 1939 vertigo. Dyspnoic on exertions for 10 to 20 years. The legs 
have also been swollen. She has had a bad appetite and lost much in Aveight 
since the spring of 1939. The last 10 days vomiting every day. Felt very 
tired Previously no trouble with the stools. Now for some time diarrhoea 
every day. The patient has been treated with digitalis without success. 

Status on June 28th 1939. Dyspnoic with slight pitting edema. Tempe- 
rature 37.7°, pulse 100. Thyroid gland; right lobe slightly enlarged. Soft, 
with smooth surface, not tender. Heart; left border 13 cm, right 4 5 cm 

Systolic thrill and bruit, most clearly audible over the pulmonalis. Slow 
fibrillation, (ecg). No deficit. Blood pressure 190/110. No albuminuria or 
urobilinuria. Non protein nitrogen 43 mg %. Basal metabolism -f CO % 
on two different occasions. On July 9th vomiting. Tlie general appearance 
resembles a severe thyrotoxicosis with dark brown pigmentations around 
the eyes and the peculiar motionless expression of the face probably caused 
by asthenia of the facial muscles. Eyes somewhat glassy, but absolutely 
no exophthalmus. Strong perspiration. The patient had passing attacks 
of Cheyne-Slokes’ breathing. Pulse 90. Subfebrile. Is not able to eat by her- 
self. Psychically not clear with obvious hallucinations, hears »tho husband 
rumbling in the atlicsn. Incontinent. 

The patient was given Plummer’s solution pero rally but was not able 
to take it. She now developed a coma and was therefore given Plummer’s- 
solution intravenously 5 ml (= C3 mg J). together with 250 ml 5 % glucose 
for 3 consecutive days. With this therapy obvious improvement. Iiicntally 
quite clear. No Cheyne-Stokes’ breathing. Pulse rate slower. Is able to drink 
but vomits after solid food. After a few days also able to oat. Body weight 
constant. On July 19th transferred to the Surgical Clinic. Basal metabolism 
still -p 40 %. but otherwise very much improved. On July 2lst subtotal 
thyroidectomy (Kaijser). Anatomical diagnosis: Struma nodosa colloides 
basedowoides. The postoperatiAm development shoAved no complications. 
Basal metabolism — 3 %. There Avas persistent auricular fibrillation and 
this Avas not regularised AAutli quinidine. Very good increase in weight. 

For a long time the patient Avas regarded as suffering from chronic 
myocardial failure. No exophthalmus or marked goitre. The expression 
of the face and the intense pigmentations around the eyes suggested a thyro- 
toxicosis. She developed a clear-cut psychosis Avith hallucinations. Was not 
able to eat by herself. Later incontinent and comatose. Iodine in large 
doses i.v. had good effect. Operation with good results. 

27/4 1944. Is able to Avork as before her malady. Weight 80 kg. Thyroid 
gland not palpable. Blood pressure 210/160. Pulse irregular (fibrillation) 
Avith deficit 92/86. Is treated Avith digitalis in chronic doses. 


Case VII. S. P. Woman born in 1900. In 1940 signs of sthyrotoxicosis?.) 
Lost 10 kg m weight. Tired. Previous goitre has increased. Tremor Dvsnnoe 
Menstruation normal. Admitted on Nov. 1st 1940. No symptoms from the 
g/es. Not nervous. Thyroid gland slightly enlarged. Blood pressure 135/80 
Pulse 88. Urine normal. Basal metabolism 12 7 and 4- 2n c/ Tl 
regarded as definitely hyperthyreotic. /o- Not 

Readmitted on Nov. 18th 1942. NoAveight loss. Thegoilre has increased 
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con^derably. Psychically very restless. Dyspnoe. Tachycardia. Menstrua- . 
tion normal. Not taken anj' iodine. On Nov. 13th very tired with pains in 
the chest and difficulties in swalloxving. Is not able to eat or drink because 
of these symptoms. Speech nasal. Febrile (39°). Comes from the Oliatric 
Clinic for a paresis of the pharynx. The roentgen picture showed that the 
larynx is lifted when the patient is swallowing but the upper part of the 
oesophagus is hardly opened and the opaque meal passes slowly down the 
oesophagus. Pharyngeal paresis? On admittance very agitated. Inces- 
sant movements with the hands. Skin dry. Severe tremor. Tongue very 
dry. Thyroid gland enlarged, rather firm with smooth surface. Measure 34 
cm. No exophthalmus. Eyes somewhat glassy. Heart not enlarged. Sys- 
tolic bruit and thrill. Blood pressure 155/90. Liver somewhat enlarged. 
Urobilinuria. Slight paresis in right lower facialis? Pharyngeal paresis 
on the right side. All movements very feeble, Prostigmin without effect 
on the pareses. Reflexes normal. 

The patient later suffered from an attack of tachycardia with pulse 140. 
Blood pressure 150/50. During the followng time all food and fluids had 
to be given through a nasal catheter as it was impossible for the patient to 
swallow. The pulse rate increased steadily. Ecg. normal. The basal metabo- 
lism was -p 67 %. The leucocytes "increased to 16.700. The non protein 
nitrogen was 55 mg %. No albuminuria. On Nov. 22nd the general status 
had become much worse. The patient is semicomatose. Sleeps all the day. 
Sometimes very markedly flushed but no severe perspiration. The patient 
was treated through the catheter with Plummer’s solution perorally but 
vomited. 

On the following day she was given 5 ml Plummer’s solution intrave- 
nously (= 630 mg J) in 300 ml 5 % glucose. On the following day no decided 
improvement. Is still sleeping all day. A new dose of Plummer’s solution 
is therefore given intravenously. On Nov. 24th decided improvement, lower 
pulse and temperature. 

Not so sleepy, moves spontaneously in bed. The pareses in the pharj'nx 
have improved, is ‘able to expectorate some mucus. 

On Nov. 25th transferred to the Surgical Clinic. "Very much improved. 
8900 w.b.c. Wishes to get out of bed. Is able to swallow fluids. After a 
week’s treatment ■with Plummer’s solution perorally the patient was able 
to eat without aid. Sometimes the food however passes down the wrong 
way. The patient has also had a passing paresis of convergence. On Dec, 
7th operation (Prof. Hulten). Leftsided thyroidectomy, rightsided resec- 
tion. Very little was left of the right lobe. The anatomical diagnosis was 
struma basedowiana. Marked toxical changes. Very little colloid, with 
Kraus’ staining. After the operation the patient was able to swallow 
without difficulty. Movement of the palate very good. 

The patient was retransferred to the Medical Clinic on Dec. 15th. 
General status excellent. No signs of thyrotoxicosis. Heart: systolic apical 
bruit. Blood pressure 120/65. Liver still slightly enlarged. Practically no 
palatal paresis but a typical signe de rideau is still seen. Urobilinuria still 
present. Bas:l metabolism — Id %■ When- the patient swallows fluids 
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she sometimes gets a small amount into the nose if she sits upright but 
not if she leans slightly baclavards. During the folloAving time her condition 
improved steadily, and she gained considerably in weight. 

Readmitted for control on March 9th 1943. Feels very well but has not 
started hard work. Practically all symptoms of thyrotoxicosis have dis- 
appeared. The patient sometimes feels more cold than previously. From 
status; Skin very dry. Is quite calm and well balanced. ))Feels like another 
woman*. Has put on 7 kg in weight. Heart; no thrill. Soft systolic bruit. 
Bradycardia. Blood pressure 115j85. Liver not enlarged. Still some residues 
of the palatal pareses. No clinical signs of tetany. Calcium of the blood 
9.4 mg %. Basal metabolism —25 %. The patient was ordered thyreo- 
total medium 1 tabl. daily, and has since remained in perfect health. 

Reexamined on May 3rd 1944. Feels fine. Weight 68 kg. Takes no tablets. 
Ko obvious symptoms of myxedema. Blood pressure 125/90. Pulse slow, 
regular. No subjective signs of palatal paresis but objectively there is 
found an assymmetrical position of the palatal arches and a marked 
signe de rideaii. Roentgen; no signs of paresis. 

This is a classical instance of encephalo-and{or) myopathy in Graves’ 
disease. The nasal speech, the dysphagia with objective signs of pharyn- 
geal paresis (roentgen), the general asthenia are quite typical. She developed 
a semicomatose condition with vomiting after food and drink which were 
therefore administered with the aid of a nasal catheter. I. v. administration 
of large doses of iodine had a very striking effect. After two days there 
was a decided improvement, the patient moves spontaneously, swallows 
better and expectorates. After a weeks treatment with Plummer’s solution 
she is able to eat without difficulty. After operation the asthenia and 
pareses disappeared completely. 

IVhat seems most important is the. fact that the general asthenia and 
dysphagia -were rapidly improved and practically disappeared under 
treatment with iodine. This probably means that the derangement of iodine 
metabolism was the cause of the muscular symptoms. ;Some postoperative 
myxedema but otherwise healed. ’ " 


Case VIII. E, 0. Man born in 1877. Admitted on March 22nd 1941. 
During the autumn 1940 the patient lost appetite and felt tired. Very thin, 
weight 43.5 kg. Heart normal, blood pressure 165/100, considerable tremor 
regarded as senile. On admittance no enlargement of the heart. Tachycardia 
with fibrillation (ecg.) and great deficit (160/88.) Non protein nitrogen 
mg%. Urobilinuria. Otherwise nothing abnormal from status The 
basal metabolism was determined at + 74 %. and -f- 92 % The blood 
pressure was found to be low, 120/80, and the auricular fibrillation conti 
nued even when the tachycardia decreased. Subfebrile. During treatment 
digilalis, ^inidine and diiodolyms™ 0.1 g x 2 the basal metabolism 

Readmitted on Mav 6lh 1942 Tn iUq i , , 

Visits .0 tbo Med. oa-tpat, Dep. and “ 

..veosme. In the sprmgtime he go, wome and stopped hif dfgLt tigM 



270 


JAN WALDENSTROM. 


50.4 kg. On admittance severely incompensated with very rapid heart 
action, 168 and a pulse rate of only 61. Blood pressure 100/65. Thyroid 
gland hardly enlarged. Liver enlarged. Albuminuria. Basal metabolism -f 
12. (?) He feels depressed and nervous. No tremor, exophthalmus or diar- 
rhoea. After a fortnight’s treatment ^Yith digitalis and diiodotyrosine 
there was a rise in temperature. At first it was believed to be caused by 
pneumonia. The patient did not react welt to sulphathiazol. Progressive 
menial dullness; does not eat and hardly answers when spoken to. 

A thyrotoxic crisis was therefore suspected and iodine was given Lv. 
in large dose, Plummer sol. 5 ml., with 300 ml 5 % glucose. During the 
injection the patient gets more lively and answers adequately. After only 
one hour he is able to talk, eat and read the newspaper. He was given 
Plummer’s solution 10 drops thrice daily and the improvement continued. 

The patient was operated upon on June 10th. Subtotal thyreidectomy 
(Prof, Nystrom). Microscopical diagnosis; struma colloides dysincretoria. 
The anatomical picture did not indicate a high degree of toxicity. The 
epithelial cells somewhat higher than normal colloid partly red after 
Kraus’ coloration. Dismissed on June 19th. )>Feels like another mano. Read- 
mitted to the Med. Clin, on July 6th, for treatment of his heart troubles. 
Suffers from paroxysmal thumping of the heart with severe dyspnoea and 
faintness. The heart showed considerable tachycardia with fibrillation 
(deficit 120/68). Liver considerably enlarged. Urobilinuria.- Weight 53 kg. 
on admittance and 48,5 kg. after the edema had disappeared. 

The patient was first treated ivith digitalis, which resulted in increased 
diuresis and loss av 4 kg. of edema fluid. He was given quinidine 0.2 x 2. 
On the following day normal rhythm. His rhythm remained regular during 
the following week and he was dismissed with quinidine 0.1 x 2 on July 31st. 
Reexamined on Aug. 28th and Nov. 7lh. No digitalis, nor quinidine. Normal 
rhythm. No signs of incompensalion. Has increased about 10 kg. in weight. 

Examined in the Medical Outpatients Departement on Aug. 28th 
1942. Weight 57 kg. No signs of incompensation. Ecg. sinus rhythm. On 
Nov. 11th not taken any quinidine for some time. Still normal rhythm 
(ecg.) Blood pressure 120/80. 

Reexamined on March 31sl. 1944. Weight 67,2 kg. Pulse rate regular 
(ecg.) »Feels fine.» 

The patient suffered from a seemingly mild thyrotoxicosis for 2 years 
before a severe cardial incompensalion sat in. After a rise of temperature 
and pulse there developed a coma. This was very quickly relieved with 
iodine and glucose i.v. 

The very rapid effect seems to be especially striking in this case. This is 
perhaps most easily explained by assuming a direct action of the iodine 
in the periphery. It is to be regretted that signs of paresis were not sought 
before the coma developed. 

Cose JAL E.W. Woman born in 1885. In 1936 nervous and depressed. 
In lilarch 1941 »flu» with fever up to 39°. After this time considerable loss 


^ The case has been published by Rudstrom. 
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of weight in spile of a good appetite. About a month prior to admittance 
much worse uith insomnia, tremor etc. Feeling of dryness in the throat. No 
paresis of deglutition. The patient Yvas admitted on Nov. 8lh 1941. She 
showed typical restlessness, tachycardia, line tremor of the fingers but only 
slight rigiilsided exophthalmus. She had diarrhoea and fever. The thyroid 
gland was somewhat enlarged, rather hard. Fixed facial expression. Gait, 
somewhat unsteady. Basal met. + 50 %. The patient was treated with 
diiodotyrosine 0,1 g x 2 with considerable improvement. Basal met. on Jan. 
3rd 1942; + 19 %. After that time relapse wdlh tachycardia, slight fever 
and restlessness. The basal met. increased to + 53 %. 

The patient was transferred to the Surgical Clinic on Jan. 23rd 1942. 
The motionless lace Yvith its never-changing expression, the open mouth 
with ptyalismus and the staring eyes strongly suggested an affection of the 
basal cerebral ganglia. The patient Avas lying immobile in bed and was 
not able to eat or to sit by herself. She seldom made spontaneous move- 
ments but there was considerable tremor in the hands. Tlie speech Avas 
hard to understand, blurred and indistinct as it aa'ks. The patient had groat 
difficulties to SAA’allow. Psychically clear, no coma. Reflexes normal. Sub- 
febrile temperature. 

Treatment AA'ith Plummer’s solution 10 drops thrice daily for 10 days 
before operation Avas instituted. This had a A’cry decided influence on 
the temperature and pulse but the other symptoms remained unchanged. 
On Febr. 4th a subtotal thyroidectomy (Prof. Nystrom) Avas perfor- 
med. The histological examination shoAA’ed a typical picture of GraA’Cs’ 
disease. 

The postoperative course Avas an OA'cntful. During the next days after 
operation (the patient continued Avith the iodine treatment for 3 days 
increased to 20 drops X 3, then for one day 10 drops (=:G3mgJ) x 3 
after the operation) the general appearance of the patient changed con- 
siderably. The amimia disappeared. On the sixth day after operation she 
Avas able to sit in a chair. She has been controlled several times and her 
status has been normal. The changes in the expression of the face are beauti- 
fully illustrated on the three figures in Rudstrom’s paper. 

In this case the psychic condition Avas not so profoundly altered and 
there Avas no coma. The considerable asthenia Avith paresis of deglutition and 
low tone in the facial muscles (hanging jaAv) and the general immobility 
of the patient make the diagnosis encephalopathia (myopathia?) acuta thy- 
reotoxica certain. The result of iodine therapy Avas not so quick and striking 
as in some of the other cases but the dosage Avas much more restricted 
Subtotal thyroidectomy had an excellent and lasting effect on the hvnnr' 
thyreosis. ' •’ ‘ ' 


Case X. H. U. Woman born in 1870. Heart troubles for about five veVr": 
Treatment Avith digitalis Avithout great benefit. On Dec 30111 194 ^ 11 ^ 
patent felt very hot during a journey in a train and on ti,e to lowlw dly 

f„:a‘ip;Tar'tr r,; rsrtf 

,or S 0.0 ti... Admitted on dan. erdC^V^rldlXitt," 
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Nervous symptoms 

Iodine 

Op. 

Result 

Paresis right lower facialis. Ge- 
neral asthenia Apraxia. Severe 
acalculia. Dysarthria. Chorei- 
form movements. Coma. 

D.'i. t, 0,1 X 1 = 58 mg J. X 1 

— 

Exitus 

Paresis left arm. Asthenia. 
Acalculia. Coma. 

— 

— 

> 

Coma. 

D. i. t. 0,1 X 1 = 58 mg J. X 1 

— 

> 

Coma. 

PI. sol. 5 ml i. V. for 3 days = 630 mg 
J. X 1 X 3. Then 15 dr. x 3 = 95 mg 
J. X 3. 


Excel- 

lent 

Paresis N. IX dx. General ast- 
henia. Semicoma. 

PI. sol. 15 dr. X 3 = 95 mg J. x 3. 

+ 

* 

Hallucinations. Incontinence. 
Semiconia. 

PI. sol 5 mli.v. for 3 days = 630 mg 
J. X 1 X 3. Then 10 dr. x 3 = 63 
mg J. X 3. 

+ 

» 

Paresis N. VII dx. N. IX dx. 
Deglutition, paresis. Semicoma. 

PI. sol. 5 ml i. V. for 3 days == 630 mg 
J. X 1 X 3. Then 15 dr. x 3 = 95 mg 
J. X 3. D. i. t. 0,1 X 2 = 58 mg J. x 2. 



Semicoma. 

D.i.t.O, 1 X 1 = 58mgJ. x 1. Later 
PI. sol. 5 ml i. V. = 630 mg J. x 1 and 
10 dr. X 3 = 63 mg J. X 3. 



Blurred speech. Paresis of de- 
glutition. Aniimia. Cannot sit 
or eat. Mentally clear. 

D. i t. 0,1 X 2 = 58 nig J. X 2 Then 
PI. sol. 10 Or. X 3 = 63 mg J. X 3 X 8 . 
Then 20 dr. x 3 x 3 = 126 mg J. x 3 
X 3. 

-f 


Cannot speak nor use her 
hands. Semicoma. 

PI. sol. i. V. 2.5 ml. -f 2.5 -f 2.5 = 315 
-i- 315 -f 10 mg J. Later 15 dr. x 5 == 
95 mg. J. X 5. 

+ 

1 > 

D. i. t. = Diiodotyrosine. 




J = Iodine. 

PI. sol. = Plummer’s solution. 
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quite emaciated. Weight 43.8 kg. Slightly subtebrile. The thyroid shows 
a hard adenoma of the isthmus the size of a walnut. Considerable coarse 
and irregular tremor of the hands and arms. No exophthalmus, no rest- 
lessness, no hyperkinesia when the patient is at rest, no evident pareses. 
Heart: no definite enlargement, auricular fibrillation (ecg.) with pulse deficit 
120/90. Blood pressure 130/80. Urobilinuria but no albuminuria. Basal 
metabolism -f- 33 and -f 44 on two different occasions. The patient 
ran a continuous fever about 38° and had a very high pulse rate (180/108, 
170/140, 152/124 on different days). She was treated wdth injections of 
strophosid rvith no rapid or definite influence on the heart rate. On Jan. 
7fh the patient completely lost her faculty of speech. She was lying motion- 
less in bed, was not able to eat by herself, but swallowed food, when she 
was fed. No other apparent neurological symptoms. About three years ago 
when the patient was treated in another hospital she developed an acute 
confusion which lasted for some time. 

As the Condition looked very grave, the patient was given large intra- 
venous doses of iodine (2.5 ml Plummer’s solution (= 315 mg J.). in 
150 ml normal saline) on two consecutive daj^s (Jan. Sth and 9th). On Jan. 
10th she was given 0.8 ml Plummer’s solution in the same dilution. After 
this treatment the pulse was 80/80 and a general improvement was noted. 
The patient was therefore given Plummer’s solution per os 15 drops five 
times daily. The pulse rate was higher during the following week {about 
100) but the pulse deficit was small. The fever disappeared and the general 
status was considerably improved. On Jan. 14th it is noted that the pa- 
tient is able to give hesitating answers. Her status is rather changing but 
there is steady improvement from day to day. From Jan. 2nd the impro- 
vement is very marked. The patient is quite clear psychically. She is able 
to sit up in a chair, there is no marked tachycardia and no deficit. Her 
speech is still somewhat hesitating and a trifle »atactici». As this marked 
improvement started from the institution of iodine in large doses it seems 
probable that the cerebral symptoms also may have ar'sen from the 
thyrotoxicosis. The patient was transferred to the Surgical Clinic for opera- 
tion. The patient was given Plummer’s solution 15 dr x 5 lor 2 days. On 
Jan. 24th operation (Prof. Hultdn). (Subtotal resection of both thyroid 
lobes, weight 37 g). No postoperative reaction. Anatomical diagnosis: 
struma nodosa toxica. For about a week after the operation severe 
tachycardia with deficit. On Jan. 31st sudden drop in pulse rate rvifh 
regular rhythm (ecg). 

General status much improved. This is an instance of thyrotoxicosis 
with the chief symptoms from the circulation. Her mental status was 
rather uncharacteristic with absolute apathia and loss of initiative resemb- 
ling a comatose condition. The effect of iodine therapy was striking and 
confirmed the diagnosis as did the microscopical examination of the 
thyroid gland and the postoperative disappearance of the auricular 
fibrillation. 
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Clinical picture. 

In all the 10 cases the diagnosis seems clear. As regards the 
patients who died without iodine therapy, the diagnosis may 
simply be based on the result of the post mortem. Also in the other 
cases the microscopical examination of the thyroid specimens from 
the operation showed unquestionable signs of thyrotoxicosis. (Pro- 
fessor Fahreaus has been kind enough to reexamine the slides for 
which I offer my sincere thanks). In this connection it should perhaps 
be pointed out that the first 3 cases from the years 1935, 1936 
and 1937 died. The seven cases from later years, who were treated 
after Wijnbladh’s publication in 1937 were saved. This is naturally 
a small material but the difference appears to be worth noting. 

As regards the age of the patients none of them was below 40 
and only two below 50. The age incidence is therefore rather high 
and much higher than that usually accepted in thjToto.xicosis. 
Tins is also apparent from the cases with crises in the literature, 
where no less than 17 out of 36 patients Nvith data about their 
age (see survey of literature) were more than 45 years. On the other 
hand reports of quite a number of younger patients have also been 
published. In Bansi’s material of 32 cases the age of the patients 
is not given and it is therefore not possible to use his material for 
such calculations. 

In this connection it should perhaps be pointed out, that the com- 
mon conception of Basedow’s disease with large goitre and marked 
exophthalmus has done much to obscure the diagnosis of thjTOtdxi- 
cosis in elderly persons. It is evident from my table, that a large 
goitre and marked exophthalmus were only exceptionally seen. I 
know of no data about the occurrence of exophthalmus and goitre 
among a large unselected material of thyrot oxicosis, where due regard 
w'as paid also to the atypical cases. It is evident from our twn 
experience not only of encephalopathia thjTeotoxica but also 
of thyrotoxicosis in general that their appearance is much less 
frequent in elderly patients. It seems as if the fact that atypical 
thyrotoxicosis is by no means rare among older patients, is mow- 
ing more and more accepted in the literature. Bram (1040) found 
only 120 eases above GO years in his material of 5000 This would 

01 the elderly patients have uo exophthalmus. In his material of 
JS Ada med scandinao. Vol. CXXI. 
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400 cases 26 % belong to the biggest age group 50—60 and 15 % 
were 60 — 70 years old. 'Mathilde Fischer (1943) has published a 
study of »larvierte atypische Thyreotoxicose im Riickbildungs- 
alter». She stresses the danger of missing the diagnosis in elderly 
patients. Eckerstrom has recently (1944) stressed the same points 
according to experiences from Gothenburg. , 

From the table page 22 it is evident that the other symptoms 
vary very much. Exophthalmus and goitre have already been 
discussed. Severe vomitings and diarrhoea are not uncommon and 
are probably of great significance. Weight loss during the time 
preceding the crisis is not always present and this goes well with 
the sometimes rather moderate increase in basal metabolism. 
This is an important fact as a slight increase in basal metabolism 
is often used as an argument against severe thyrotoxicosis. This 
discrepancy has also been noticed by other authors e.g. by Bansi. Tlie 
importance of the basal metabolic rate for the diagnosis of thyro- 
toxicosis is sometimes overrated, Many authors have published 
cases of severe thyrotoxicosis with practically normal basal meta- 
bolism. One instance may be quoted from Curtis and as it was very 
closely analyzed. Case 18. Woman aged 44. She had a basal meta- 
bolism of -f 11 with a greatly increased iodine output. Microscopic 
examination of the goitrous tissue confirmed the diagnosis. Slight 
fever is nearlj^ always present but a terminal hyperpynrexia was 
only present in one of the three mortal cases in the present series.' 
When the temperature has started to rise quickly even intense 
therapy is probably of no avail. 

The question of the basal metabolism in incompensated heart 
disease is not ymt settled. It is quite undeniable that a severe 
dyspnoea must have a strong influence on the »resting» metabolism 
of the patient. Some authors are of the opinion that even -in the 
absence of marked dyspnoea a number of cardiac patients with 
raised basal metabolism are found. 

The symiptoms from the circulation are naturally very important. 
Auricular fibrillation was present in all but two cases. (In one 
of these the sinus rhy-thm ■was not verified electrocardiographically). 
In the table the heart rate and the pulse rate are given for all 
cases "where this Avas specially noticed. Tlie blood pressure determi- 
nation is usually regarded as being of great diagnostic importance. 
From case VII it is seem I^hat the first stage of the malady "with only 
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Signs of a mild thyrotoxicosis Avas accompanied by a normal blood 
and pulse pressure. Later, when the condition had become grave, 
tlie diastolic pressure was verj^ low. In other cases the systolic 
blood pressure has been somewhat increased. Only one case showed 
decided hypotonia during stage with maximal pulse deficit, but 
then this sign remained after complete heart compensation. 

Ihe causes of the neurological si/mp/oms will be discussed later, 
when the mechanism for the development of thyrotoxic coma 
is treated. In this connection it should perhaps be said, that the 
definition of a coma is rather vague. If only such cases, whose 
condition resembles a profound narcosis are regarded as instances 
of coma th3Totoxicum, this is certainly very rare and only seen a 
short time ante exitum. Many other cases in this material liow'ever 
have suffered from an absolute torpor with no initiative and slight 
reaction on ordiiiarj’^ stimuli. Thej'’ have been termed instances of 
semicoma. 


The signs of bulbar paralysis have been very marked in several 
cases and it is probable that thej'- w^ould have been noted also in 
other cases if they had been specially looked for. On the other hand 
I have seen cases in whom the general asthenia was so intense, that 
it was impossible to tell, w'hether they had any special pareses or 
not. It is e\ident from the literature as W'ell as .from my own expe- 
rience that a paresis of deglutition is most common. The roent- 
genological picture of the pharynx has not been treated in the 


literature and I shall therefore give a description of the symptoms 
found in the roentgenological department (cases V and Vfl). Case 
V w^as only able to sw^allow^ the opaque meal, when he put his 
head forwards. When he had sw'allow'ed the morsel it gathered 
in the hypopharynx and filled the valleculae and sinus piriformes. 
After several trials it passed slowly down into the oesophagus. 
No hindrance for the passage through the oesophagus. 

The paraljdic dysphagia in cases of thyrotoxic encephalopathy 
does not seem to have been analyzed from a roentgenological 
point of view^ Roentgen pictures were taken in two cases of obvious 
encephalopathy. The picture was very much the same in all in- 
s ances as the patient showed inability to get the morsel dowm into 
the oesophap,s. mere wre also found signs of an imperfect closure 

™re Vifr a ’’T' ““VandVlIthe recessus piriformes 
cd and parts of the opaque meal found its way into 
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the trachea. It is thus ob^^ous that the coordination of the 
movements necessary for deglutifion was severely impaired. The 
lifting of the larynx in case V was defective. The roentgenological 
picture cannot be differentiated from that seen in bulbar throm- 
bosis, myasthenia gravis etc. but is quite unlike what is seen in the 
Plummer Vinson syndrome (dysphagia sideropenica), where the 
closure of the larjmx and of the nasal cavity is always perfect. 
It is probable that the paresis of the lifters of the larynx which 
according to Laurell play a large part in the normal opening of the 
hj'popharynx is one important factor in this type of dysphagia. 
That there may also be present a definite paresis of the pharjmgeal 
wall may possibly be indicated by the distensibility of the pharynx 
on increased pressure. 

The decidedly cranial localization of the pareses with impairment 
of deglutition, sometimes also paresis of the larynx, more rarely 
of the muscles innervated by the sixth, the seventh or the twelfth 
cranial nerves have made the diagnosis bulbar paralysis seem 
evident. It is not certain, however, that the process has really a 
central and not a peripheral location. Also in myasthenia gravis, 
now decidedly regarded as a disease of peripheral origin, the sym- 
ptoms are most marked in the bulbar muscles. The craniocaudal 
gradient may give a plausible explanation of the predilection of 
the myasthenic process for the cranial muscles. It seems very 
probable that the same arguments may be used to explain the bul- 
bar paralysis in thyrotoxicosis. A general adynamia is certainly the 
rule also in the muscles of the extremities and I know of no instances 
with isolated bulbar paresis -without general asthenia. The very rapid 
(after some hours according to Bansi) change in muscle metabolism 
after the administration of iodine seems to speak in favour of a mus- 
cular process. Tliis is manifested through disappearance of creali- 
nuria and normalization of the creatine-creatinine index. We also 
know that the skeletal muscles contain considerable amounts of 
iodine. According to Veil one half of the total iodine content of the 
body is found in the skeletal muscles and onlj'^ 1/5 in the normal 
thyroid gland. This also speaks in favour of the assumption, that 
iodine may be of importance for the normal function of the striated 
muscles even if Ave do not know' anything about the state of muscu- 
lar iodine. 

On the other hand it cannot be denied that symptoms of un- 
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doubted cerebral origra may develop during any severe thyre- 
loxicosis. Tlie general restlessness, insomnia etc. may bo explamed 
in several ways and is a well taown symptom of thyroid overdosage. 
Also the tremor is a symptom of small value for localization. Bn 
such symptoms as definite choreiform movements as w-ere observed 
in F. V. Muller’s Case I and in my owi Case 1 or athetosis as was 
noted in Wijnbladh’s case I are hardly to be explained olherwse 
than as being of central origin. IMclkcrson’s studies of the positive 
myodystonic reaction in 2 out of 8 cases of ih^TotoxiciSsis also indi- 
cate a central process with localization in the basal ganglia. Signs of 
extrap 3 'ramidal lesions have been found by Risak, although most 
of his cases arc instances of postencephalitic parkinsonism, who 


later developed a thyrotoxicosis. His case I is probably an instance 
of thyrotoxic encephalopath}'^ (See also Ricse, Oppenheimer & 
Silver a.o,). Rudstrdm has published the case hisloiy of Case IX 
in the present series as an instance of thyrotoxicosis with parldn- 
sonism. 

Such general symptoms as psychosis and coma are perhaps 
most easily explained as being signs of a generally deranged meta- 
bolism of the cerebral cells. Instances in whicli distiirbance.s of 
psychical functions without certain signs of focal anatomical lesions 
were described and analyzed in some detail maj' be quoted. Bruns 
speaks about paraphasia in his patient in the beginning of a mortal 
thyrotoxic crisis. In two of my cases (I and II) there was noted a 
distinct difficulty to count and oiic of the patients, who was used 
to arithmetics in her daily work, had totally lost the sense of mul- 
tiplication and addition. Aldenhovcn has published a paper treating 
a case of thyrotoxic psycliosis in which he explicitly remarks, that 
the patient was unable to count. On the fourth day after operation 
the signs of psydiosis disappeared. A marked loss of inilialivc 
was also noted in several instances. 


The psychotic symptoms in hypcrtliyrcotics arc usually described 
as maniacal and the classical picture is certainly that of extreme 
agitation. Lahey has formed the conception »apathctic)> thwotoxi- 
cosis m contradistinction to the usual .>aclivalcd. type The 
first form probably covers, wliat H. Zondek calls conra )3ase- 

ftaTr'n n Tf «P«allystro,sso,s the point 
the apathetic form occurs in patients over 40-50 years of 

age. Exophtbainms, is missing, the goitre is usually snLrilm 
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metabolism may be relatively little increased. Even without^levelop- 
ing a profound coma these patients may show signs of lethargy 
Avith obvious hallucinations but without agitation. My Case VI 
heard her husband rumbling in the attic above her head and 
mumbled a conversation with her relatives, who were not at the 
hospital. After intravenous iodine treatment her confusion cleared 
up completely. The coma found in Case VTII also cleared up very 
quickly (some hours) after the injection of Plummer’s solution 
intravenously. 

These symptoms can hardly be regarded as anything but cere- 
bral and the very prompt curative effect of iodine therapy seems 
to indicate, that they may be caused by a disturbance of iodine 
metabolism. Under such circumstances it is possible that some of 
the patients published as instances of Graves’ disease of cerebral 
origin in reality are to be regarded as a more chronic form of ence- 
phalopathy caused by a deranged iodine metabolism. 

Are there any facts that might indicate the importance of 
iodine for cerebral function? Analyses of different parts of the 
cerebrum in order to determine their content of iodine have been 
performed by Schittenhelm and Eisler. Their results at first sight 
seem to give a very clear picture of the situation. They could not 
however be confirmed by other authors. Elmer points out that the 
amount of material analyzed varied from 0,2 — 0,7 mg and the 
total iodine found Avas at most 1 — 2 y\ It is therefore obvious, 
that the determinations are completely unreliable and the fact 
tliat the authors have multiplied the value in order to get the 
amount of iodine per 100 g. must increase the errors considerably. 
The question of the iodine content in different parts of tlie cere- 
brum, e.g. in the tuber cinereum, is thus by no means solved. Many 
important problems are here awaiting their solution. 

My cases definitely show that not only the general status of 
the patient and the circulatory incompensation may be improved 
Avith iodine as is Avell knoA\Ti from our everyday experience A'itli 
patients suffering from Graves’ disease. But there is also a prompt 
influence of large doses on the more specific symptoms of crisis. 
Not only the coma and the creatinuria, as has been pointed out by 
Bansi, Wijnbladh and others, are strikingly improA-ed Autli iodine 
medication, but I have also found (e.g. in Case VII), that the seAcre 
palatal paresis simulating a bulbar paralysis Avas practical y 
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abolished after iodine treatment already before operation. Tins 
also holds true of several cerebral, probably corhcal symptoms, 
llie fact is of considerable importance for the discussion of the 
pathogenesis. On the other hand it should never lead to unnecessary 
postponement of the operation. These cases Yvith their practically 
hopeless prognosis if left alone without treatment or if treated 
symptomatically with digitalis, glucose etc. arc an excellent 
example of the necessity of treating patients with Graves’ disease 


both medically and surgically. 

I feel pretty sure that when we arc able to make iodine deter- 
minations on blood and urine routinely, we shall find a large group 
of cases now labelled simply myocarditis and treated as such, who 
are instances of marked thyrotoxicosis aiid may be cured with 
iodine and thyroidectomy. 

It seems tempting to ask, whether tlic good results that were 


probably sometimes seen in old lime.s, wlien mrleriosclcrosm was 
treated with iodine, may not be explained in this manner. Among 
all these elderly people with incompensation there was probably a 
certain number, who were hyperlhyrcotic. Cases IV, VI and X, in this 
paper would probably have been regarded as instances of severe 
arteriosclerosis cerebri with cerebral symptoms and severe incom- 
pensation. If iodine had been given as a )>resorbent» nobody with 
open eyes could have denied that the result was excellent! To me 
it seems quite natural, that in old times this drug was tried in all 
instances of Avhat was regarded as one definite malady: arterios- 
clerosis. This reasoning may lead to a wholesome criticism also of 
our present conception of ens morbi: e.g. myocarditis (instead of 
pernicious anemia, iron deficiency, tliyrotoxicosis), encephalitis (for 
thyrotoxicosis, acute porphyria, hypoglycemia) etc. 


Tlie influence of the thyroid gland on wiiscle metabolism has 
been investigated experimentally by a number of authors. One of 
the most important changes is an alteration in the excretion of 
creatinine brought about by thyroid dysfunction, dlie normal 
excretion of total creatinine (i.e. creatinine and the creatine that is 
sometimes found) in the urine is 1-2 g. In many cases of Graves’ 
disease a lo,v arinan- creatinine I, as been found. More important 
than the determination of creatine and total creatinine is the fact 
la raves disease often leads to the appearance of crealine 
m the „r,ne. It is ecldent that the formatten of erealini,rt,n 
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creatine is impaired. Under normal circumstances creatinuria is 
never found. The most important causes of creatinuria are fever, 
acidosis and some myopathies. It may be regarded as an established 
fact that the excretion of large amounts of creatine is a sign of 
deranged muscle metabolism. , ■ 

Palmer in 1927 found very high values for KreaHne» and he 
succeeded in bringing them down to normal with iodine medication. 
Tim amount of creatine in the urine was not parallel to the increase in 
metabolic rate. 

Bansi has studied this problem in a large number of cases (32). 
He finds a rather good congruence between the degree of adynamia 
and of creatine excretion. He believes that the most important 

crcstinc 

factor is the index — — r-: — . The highest normal value of 

total creatmme 

this index should be 110 according to Bansi, Many typical and 
even severe cases without adynamia do not show any increase in 
the index. The cases however showing signs of impending coma 
usually have a high index. Bansi writes »it seems as if the excretion 
of creatine disappears completely or practically so with iodine 
medication)). It must be assumed that the iodine has an influence on 
the peripheral creatine metabolism and in this way also on muscle 
metabolism. Bansi points out that not only this chemical change 
but also the clinical improvement may be very quick. 

It thus seems as if it were possible to distinguish two groups 
of symptoms in severe instances of thyrotoxicosis. One group 
may be easily reproduced by overfeeding with thyroid substance 
or by the administration of thyroid hormone. Tachycardia with 
auricular fibrillation, increased metabolism with fever, restlessness, 
insomnia, diarrhoea, increased perspiration and in the severest forms 
an agitated delirium may be quoted. These symptoms are tempora- 
rily cured by the administration of small doses of iodine. 

The other form is characterized by severe cerebral and muscular 
symptoms. The patients complain of intense muscular weakness, 
sometimes with loss of reflexes and definite pareses, usually of 
the cranial muscles, especially those of the pharynx. These symptoms 
often precede the very intense disturbance of cerebral functions. 
They sometimes have the type of an affection probably localized 
in the basal ganglia with choreiform movements, amimia etc. Severe 
damage to the psychic functions such as acalculia, paraphasia an 
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complete loss of initiative leads to a 

comLse condition. But also other symptoms differ from the fir. 
type. The skin is usually dry, the longue and throat red and dry 
and there is often oliguria and acelonuria. Still more important 
according to Bansi a.o. is the finding of a marked creatmnna. 
These sjmiptoms seem to he very valuable as they arc much 
more common and intense in cases of thiTotoxic crisis than m 
ordinary severe thyrotoxicosis. 


Incidence, therapy, prognosis of spontaneous thyrotoxic 

crises. 

The incidence of so-called thj'roloxic crises of .spontaneous 
or to put it more cautiously of n on-postoperative type is judged 
veiy^ differently. :\Ianyauthors'regard Uicm as a great rarity and this 
seems to be the opinion prevalent among most physicians. On the 
other hand Bansi who has of course had a very large experience 
(COO cases) of thyrotoxicosis has seen no less than 30 spontaneous 
crises in a comparatively short time. 

From Denmark Krarup rccentty published a series of very 
interesting cases with what he calls sponlaneons th\Totoxic crisis. 
Among more tlian 30,000 case histories from the Bispebjergs 
Hospital in 1932 — 42 there was only one case, where it had been 
possible to make the diagnosis IhjTotoxic crisis. At a rc\dsion of the 
case histories there were found 3 instances of what must be regarded 
as a non-recognized mortal crisis. Against this is contrasted the 
occurrence of 5 such cases during tlic last lialf j^ear. 

With the exception of Krarup’s interesting contribution, voxy 
little, if anything, seems to have been publislicd in Scandina\ia 
about this important question since Wijnbladli wrote his c.xcellcnt 
paper in 1937. Krarup’s experiences and our own from Uppsala 
seem to show that this complication is by no means very rare and 
probably remains unrecognized in several cases. In one of the most 
modem and excellent textbooks on thyroid diseases (by iMcans and 
Richardson) the problem of the crisi.s is only regarded as poslope- 
rative. It therefore seems as if t],is important complication or rather 
result of the malady is not very common in North America. 

If we ask the same question as Krarup: is this a new. type of 
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thyrotoxicosis or not, I think that the incidence of tiie malady 
during the last 10 years in Uppsala may give an answer. Daring this 
time we have had about the same frequency i.e. in the mean one 
case yearly. This is probably very near to the real incidence of Die 
severe disturbance in Uppsala as we have been on a sharp lookout for 
it under this period. But I think, that it is practically impossible to 
tell from old case histories whether there are other cases, who have 
been wrongly diagnosed. The difficulty is not to diagnose, that a 
patient with thyrotoxicosis gets a crisis but to recognise, that the 
patient is thyrotoxic and not only a case of e.g. myocarditis, 1 am 
quite convinced that under the diagnosis myocarditis -f bronch- 
opneumoriiae (as an explanation of the premortal high fever and 
great prostration) many such cases are hidden. In the absence 
of exophthalmos and determinations of the basal metabolism 
it is only the general appearance of the patient and the unex- 
plained high pulse pressure that might give a clue to a correct 
diagnosis. From my table it is evident, however, that this latter 
is by no means a constant sign. 

For the therapy in such instances with severe thyrotoxic crisis 
only one remedy is of real value, namely iodine. It seems certain 
that the most important therapeutic rule is to give large doses. 
American authors have used doses exceeding one g of iodine 
daily and in a single dose they have given about half a gram. 
Wijnbladh, who treated his cases with permanent intravenous drip 
has given still larger doses, in a few cases even 2,25 and 2,8 g pro die. 

As regards the iodine dosage considerable confusion arises 
from the fact that what we call Plummer’s and.Lugol’s solution 
have a different composition. Some workers, for instance Bansi, 
speak about American viz. German Lugol’s solution. This furlbcr 
contains iodine 5,0, potassium iodide 10, aq. dest, ad 100. One ml 
(20 drops) contain 126,5 mg iodine. The German Lugol’s solution 
is only one fifth of the American (Plummer’s). One tablet of diio- 
dotyrosine contains 58 mg iodine and is equivalent to 9 drops 
of Plummer’s solution. One gram potassium iodide contains 0,764 
g iodine. For intravenous injection several authors have given 
sodium iodine (Goetsch and Green). The problem bar recentlj 
been treated by Krarup, who discusses the possibility of a dele- 
torious action of potassium in such large doses on the heart. I is 
probable that it is best to reckon with this possibility and use sociuun 
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iodide, Avlier large do* are given. One gram aodium iodide con- 


tains 850 mg iodine. , , ■ 

It also seems e\ident that snmdent amounts ol {hnd and calorics 

ought to he given to these patients in order to overcome as soon 

as possible their deficit in these respects. 

As regards the prognosis this rvas always said to be practically 
desolate. Also authors rvith a large experience were of this opinion. 
Russel Brain (1939) points out that the outcome of acute thyrotoxic 


myopathy is always fatal. 

Bansi (1939), who has by far the most extensive experience of 
spontaneous thyrotoxic crises has examined 2-1 patients with coma. 
Only two of these were saved with iodine, therapy. >0'he therapy 
consists in early diagnosis!) is certainly a paradox that holds true 
in this malady. 

On the other hand some recent authors have a more optimistic 
outlook. 

Kranip has (1943) puhlishcci some verj’ interesting observations 
on spontaneous thyrotoxic crises, where intravenous therapy with 
iodine had a favourable effect in 3 of the 5 cases. Me is of tlic opinion 
that if a real coma has once developed there is hardly any chance 
to save the patient and he tiicrcforc stresses the importance, of an 
carty diagnosis. 

Miillcr &Livadcs have seen two cases: one I'schwer benommen». 
the other with »stark iictriibtcs Bewnsstsein». Both were eonsidernblv 
improved w'itii potassium iodine. 


Wijnbladh (1937) lias seen two casc.s of spontaneous thyrotoxic 
com.a, who were healed with large doses of iodine and consecutive 
operation. 


^^olpeIS & Arnold (1941) have published five cases of coma 
or precoma, who were saved with large do.ses of diiodolliyrosine 
intravenously and potassium iodide witli consecutive operation. 

But it must be remembered that very rare instances of healing 
with only iodine without a folloAving operation have also been 
published. Most interesting is tlie ob.servalion described by Kro- 
toski. Man of 38. Classical severe tJiyroloxicosis. After angina 
blurred speech, severe asthenia, paresis of deglulilion, incontiiience 
coma After seven days’ treatment with Lngol, improved. Xo 
operation as the condition was regarded ns too grave. After two 
years completely healed! ^ 
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Bansi gives tlie description of a spontaneous healing of a severe 
crisis. And it is not unique in the literature to find that the patients 
tell about similar attacks during earlier periods of their life. 

Iodine metabolism. 

In order to understand the rapid effect of iodine in this condi- 
tion it is necessary to discuss some fundamental points of iodine 
metabolism. That the thyroid gland contains an important part 
of body iodine has long been kiiown. According to the analyses 
of- Sturm & Buchholz (1928) the total body iodine varies between 
20 and 50 mg. No less than one half of this amount is to be regarded 
as muscle iodine. Only one fifth belongs to the thyroid gland. One 
tenth is found in the skin and one seventeenth in the bone substance. 
Iodine is found in different forms. Veil (1927) has advanced the 
opinion, that iodine may be of great importance not only as a 
building material for the thyroxine but also be necessary as an ion. 
Zondek however thinks that it is present in such small amounts 
that it cannot have any other function than as a constituent of 
certain important active substances. 

If inorganic iodine is administered to guinea pigs it is stored 
in practically all organs rvith the exception of the cerebellum, 
the liver, the spleen, the stomach and the uterus. Iodine is stored 
in the cerebrum, kidneys, muscles, abundantly in skin and hairs and 
especially in the lungs. From the lungs it is quickly lost and they are 
not to be regarded as a depot for iodine. Muscles, skin and skeleton 
are the chief depots according to v. Fellenberg. 

If one lobe of the thyroid is extirpated and the animal thereafter 
recieves iodine medication an analysis of the remaining lobe shows 
much higher iodine values than in the first resected one. It 
probable that this iodine is chiefly present as diiodotymosineoch 
thyroxine. 

Puppel & Curtis (1937) have showm that the urinary excre- 
tion of iodine rises very much subsequent to a total thyroidectomy. 
They regard this fact as a proof that there is a readily available 
supply of iodine in extrathyroid tissues. There must be a per- 
manent extrathyroid store of iodine. 

For the comprehension of iodine metabolism the recent work on 
radioactive iodine is of great importance. Hamilton and Soley 
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have made ven' inlcrcsling cxperimciUs in Uie 
of the iodine nplakc in limng thyroid glands, 'limy record m.rves of 
the radiation from the tliyroid gland during the hours following upon 
iodine medication in different clinical conditions, flic uptake in 
IhFO^oxicosis was vert- rajiid hut the gland was not able to retain 
the iodine. In normal persons the iodine acenmulatmn was not 
so rapid but the iodine content remained constant for a long time. 

Hertz, Roberts & Salter have made similar experiments on a 
large number of cases tvilh Gravc.s’ disease. It is evident from their 
work that small do.ses of iodine (<2mg) arc retained in the 
thyroid nearly cpiantilativcly (80 — 00 %). They also found tlmt 
the thyrotoxic gland gives off its iodine vety- rapidly. Only a small 
part is excreted. The rest mu.st be deposited outside the thyroid. 


It has not as yet been possible to locate it exactly. Another fact 
of the greatest imiiortancc for the niulerstanding of iodine meta- 
bolism in Graves’ disease is the difference between small ami big 
doses of iodine. When small doses are given the thyroid gland has 
a very' marked initial primate. Only if large doses are adininistnited 
does the iodine find its way also to other organs. 

Tlie most extensive experiments with iodine balance, were 
performed by Piippcl A Curtis (1038). lliey had confirmed the 
results of prcNnous investigators that patients with exophthalmic 
goitre show liypcriodcmia and hyperioduria. In a series of balance 
experiments the patients were given a constant diet with low iodine 
content (average 20y/day) for 5 — fi days before the experimental 
period. 24-honr siiccimcns of urine were collected for 3 days 
at a time. The iodine in urine, feces ami even in the sweat was 
carefully determined. Iodine analyses were also carried out on 
samples of blood and on the food. 


Ihree normal persons were studied for a [leriod of 30 days. 
I hey had a negative iodine balance (average '13y/day) on a low 
iodine intake. During G days of food ahslinoncc there Avas probablv 
some increase in the iodine losses. One of the normal persons was 
operated >01. for a licrnia and this gave a very strong lemporarv 

increase in lodmc losses llirongli llic urine, Allor (i days llic lialnno'e 
was as before. 


11 ^iDTotoxicosis were examined. Three of 

•5 ). '"Sl^lronsidcralily more (abonl 2 to 3 limes) iodine limn 
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normal persons, cliielly through the kidneys and the intestine. 
Two oilier thyrotoxic patients Avere given enough iodine to keep a 
norma] person on a positive balance. Their balance however was 
negative. One patient was given 466 y but had a slightly negative 
balance (16 y per 3 clay period). The next had an intake of 653 y. 
Her losses averaged 190 y. If iodine in large doses is given there 
results a strongly positive balance. This is still more marked in 
thyrotoxicosis than in normals. The more the iodine dosage (in- 
crease) the greater is the iodine retention. 

The authors believe that the increased iodine excretion is 
caused by increased breakdown of thyroxine. It has been found that 
th 3 T 0 .xine does not leave the body in an undeconiposed form. On the 
other hand Boe & Elmer have shown that the urinary excretion of 
nonth^'roxine iodine after the administration of thyroxine increases 
very much. Rest in bed, a diet rich in calories and calcium gave 
clinical improvement in one patient with Graves’ disease and her 
iodine balance became normal. When she was given 10 mg 
iodine dail}' for nine daj’^s her basal metabolism went down and 
she retained much iodine. The iodine medication was then stopped 
for 39 dajm. Thereupon her iodine balance became strongly 
negative. It is therefore possible that this freshly administered 
iodine leaves the body^ more quickly. 

It is a well established fact that the blood iodine in hjq)erthjT0i- 
dism is usuallj' increased and the thjToid iodine decreased. With 
iodine therapy there is a considerable rise in inorganic iodine 
and a contemporary decrease in organic iodine of the blood. This 
was shoAvn in the important Avork of Johan Holst. He interprets 
these findings as indicating a tendency of the thyroid gland to re- 
tain its iodine Avhen under the influence of an increased inorganic 
iodine content in the blood. The »diarrhoea of the thyroid glando, 
as Holst puts it, is thus changed to a retention. tWien the thyroid 
has been filled ad maximum, it is no longer able to retain any 
more hormone and therefore it overfiOAVs. The most favourable 
moment in the preoperative iodine treatment is then past. 1 
daym is according to Holst the mean time for optimal iodine effec 
but the individual differences are great. 

Holst gWes excellent descriptions of the effect of iodine trea 
ment on the histological picture of the thyroid. Rienhoff ma e 
the first extensive histological examination based upon a compariso 
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Of tl,c piclurc from noniodinizcd mid iodine treated exophtlialmlc 
«oitTcs. His main tesuUsAvcrc the followng. Ve^Mnarked increase 
in tlic colloid. Increase in amount of fibrous tissue. Presence of small 
tumefactions resembling adenomata. Change in the epithelium from 
high columnar to flat cuhoidal. Blood and lymph vessels markedly 

collapsed. Tlic vails of the acini are no longer irregular in shape 
but smooth and even. Isfarked decrease in the number of mtotic 
figures. The article is illustrated ivitli a number of excellent pictures. 
Holst points out however, that different pieces of the same goitre may 
show quite different pictures. In different small pieces of the same 
sprimarj' toxicD goitre that were excised at the same time there may 
be found in one piece a normal picturedn another typical changes 
and also intermediary’ pictures. Holst is therefore rather critical 
against Rienhoff’s investigations when this author made excisions 
from tlic goitre before preoperative iodine treatment and compared 
the picture with the appearance of the thyroid at the operation. 
No case showed, complete histological healing after Plummer’s 
treatment according to Holst. 


The possible mechanism of spontaneous thyrotoxic crises. 

Already Bier (1931) discusses the question of the iodine in the 
blood in cases with postoperative reactions in exophthalmic goitre, 
f.-tuf clcr Hohe dcr postoperativen Reaklion werden die niedrigsten 
•fodwerte gefunden. Wir miissen daher die postoperative Reaklion 
anf cincm rclativen .lodmangel bezielieni). In summing up Jiis 
ideas about these questions hc%\Tiles;-»Das Bild der Naclilcrankheit 
glanhen wir ani Gnmd ohiger Unlersuchungen berechtigt zu sein 
als liypotlijToxamischen Shock zu deuteno. Tliis idea of the shy’po- 
thyTcxemic shocko is taken over by Timpe and by H. Zondek in 
discussing the postoperative crisis. 

In the preceding pages it has been pointed out that Uie effect 
of the iodine in spontaneous thyTolo.xic coma may be very’ quick 
(see cases V and VI). Also Wijnbladli (1937) stresses this momentary 
effect and discusses the possibility that it may not have anything 
to do vnlh the secretion of the thyToid gland. Tlic relevant changes 
inay take place cjlher directly in the blood or peripherically and 

wLiW r ^“’^^'^tbing.to do vdlh tissue 'respiration. 

Binjblndh contmnos: The influence of the iodine seems to be 
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different in the two conditions: ordinarj- thyrotoxicosis with Plum- 
naer treatment and in crises with massive intravenous doses of 
iodine. 

Bansi, who discusses the problem of spontaneous thyrotoxic 
crisis at a later date (1939), has no definite explanation of the sym- 
ptom complex. He points out the possibility that also in the periphe- 
ral metabolism the iodine may normalize the glycogen metabolism. 
The possible influence of the th3Tnus for the development of adyna- 
mia, severe toxic reactions and coma is the subject of a lengthy 
discussion. Tlie parallel with Addison’s disease and the role plaj^ed 
by the suprarenals is -also treated. As a summary he points out 
that the thjTotoxic coma develops in those patients, whose organism 
had been damaged bj' the influence of the »den Stoffwechsel er- 
schiittenden Eigenschaften des Schilddrusenhormons». 

Wolpers & Arnold, who treated their cases with large doses of 
diioc'otyrosine intravenously point out that it seems probable that an 
organism suffering from hj'perthjTeosis maj' be- depleted of iodine 
from increased mobilisation and excretion, if the faculty to bind 
iodine is impaired especially in the time of a crisis. 

Probablj’ starting with the idea that the crisis is really a state 
of »hj'pothjmoxemiai) several authors have tried to treat it with 
thjTOxine. Kessel & Hyman were the first to publish, what they regar- 
ded as positive results with this curious treatment. Tliey claim to 
have improved three cases in this waj'. The patient published 
by Friedmann & Kanzer suffered from a maniacal delirium. After 
treatment with 3 mg thjToxine i.v. some improvement was found 
but the patient died six weeks later in a coma. 

Is it possible with the aid of the premous discussion to make 
the picture clearer? Wiat are the relevant facts? 

1) The sj^mptoms in a spontaneous^ thjToid crisis (= the 
apathetic form of Lahey) cannot be provoked by thjToid over- 
dosage, wiiich gives the agitated form instead. They cannot 
therefore be explained as simple hyperthjToidism. 

2) The work of Puppel Sc Curtis has shown that a patient 
with thjTotoxicosis loses large amounts of iodine. The increased 
iodine metabolism must lead to a depletion of the iodine in the nod)' 

1 I do not enter on a discussion of the postoperative crisis and the possible 
identity of the two forms. 
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i( the exogenous iodine intake is not. verj- large. A case of impending 
Ihvroid crisis had the largest iodine losses {% mg daily). 

■ 3 ) T!ie same authors have found that a simple operation (for 
a Iicrnia) may lead to a Icmporarj- strongly negative iodine balance 
idso in a normal person. .Also after a complete thjToidectomy 
there is found a conlinous increased iodine excretion in the urine. 
Operations of different kinds arc knoini to precipitate a crisis. 

<1) TIic symptoms in a crisis arc said to have been alleviated by 
the injection of thjTOxinc. This would be inexplicable if they were 
caused by hypcrlhyreosis. 

b) From tlie work witli labelled radioactive iodine we know that 
small doses of iodine arc nearly quantitatively retained by the 
thyroid (Roberts, Hertz, Salter). Only when larger doses are given 
is an accnmnlation of iodine also found in otlicr organs. 

C) thyroid crisi.s is not cured with the ordinarj' small doses 
of iodine necessary to control an ordinarj’ thyrotoxicosis. The effect- 
of large doses however is excellent. 

7) Tiic effect of iodine is verj’ quick (Bansi compares it to tlie 
action of insulin in a diabetic coma). The muscle metabolism is 
regulated almost instantaneously as judged from tlie creatinuria. 
Tlie parescs may lie practically liealed with only iodine medication 
already lieforc operation (sec the present case V and VII). 

8) The muscles contain no less than of the total body iodine. 
Also in some parts of the central nervous s 5 'slem there have been 
found considerable amounts of iodine. Points 5 — 8 seem to speak 
in favour of the hypothesis that the iodine has a peripheral action 
in instances of crisis. 


I therefore think, that the following Ji)'polliesis gives the best 
and a rather complete explanation of all these facts. Hyperthjreo- 
sis has a tendency to lead to great losses of iodine. This iodine, 
chiefly excreted in the urine, is probabl 3 - a result of thyroxine 
brealvdomi. If this were true increased hormone production should 
lead to increased losses of iodine. In some cases these are compen- 
sated. llicn the clinical picture is dominated by the hypertliyreotic 
svmploms giving tlie agitated form of Lahey. In others there arises 
a lack of iodine, which causes (he acute crisis or a more protracted 
mpathctic, form. The first iorm is cured by small doses of iodine, 
^ic importance of this treatment according to Holst’s theorj^ lies in 
the ahohshmenl of *tli}Toid hormone diarrhoea*. The second needs 
rs Mia mfd. seandima. Vol. CXXI. 
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large doses to fill the iodine losses in the tissues. A crisis may 
be precipitated by an infection or by any operation. Tliese factors 
have been shovai to cause increased iodine losses. The alleged 
favourable influence of thyroxine on a crisis may possibly be explai- 
ned as an unspecific effect of any iodine-containing substance that 
may be broken dovm to iodine. 

fn every case of thyrotoxicosis there are, or, may develop 
symptoms of ivo or possibly three different kinds. One is purely 
hyperthjTeotic, the other possibly iodopenic and the third may 
be assumed to arise from a liyperthyTeotropic effect of the pituitary. 
In order to illustrate what I mean the following table may be of 
use. 


Huperthyreotropic 

symptoms 

Hypcrtlujreotic 

sjmiptoms 

Iodopenic 

symptoms 

Exoplvlhalmus 

Increased metabolic rale 

Possible tendency to decrease 
in metabolic rale? (lower hor- 
mone production) 


Severe cardiovascular der- 
angement 

7 

Large goitre 

Goitre, large or small 

Goitre often small, even absent. 


Subfebrllc temperature 

Terminal high fever common 


Agitation. Mania 

Comatose viz. no initiative 
(apathetic). 


No paralyses 

Asthenia, cranialparcses. 


Insomnia 

Coma 


Tremor 

Athetotic or clioreatic move- 
ments. 


Therapy: small doses of 
iodine 

Large doses of iodine 


Effect after some days (sometimes immediate effect. 


It is evident that all these sjnnptoms might develop to a different degree 
in different patients. 








203 


acute THVnOTOXlC E^■CF.PUAEO- OR MyorATI.V, ITS CAUSE ETC 

Summary. 

Tlie author gives the ease histories of 10 patients showing the 
oicturc of so-called spontaneous thyrotoxic crises (thyrotoxic 
encephalo- and myopathy) from the last 10 years in the Medical 
Clinic, Uppsala. The first 3 cases died. The last seven, who A\erc 
all treated with large doses of iodine, recovered after operation. 

Some clinical data, above all the vcr\’ rapid effect of large 

doses of iodine, are discussed. 

Tlie difference between the purely hypcrUiyrcotic .symptoms 
that may be produced by tlu^roid overfeeding and a number of 
symptoms seen in spontaneous thyrotoxic crises is stressed. 

Some important facts in iodine metabolism arc discussed, 
above all the results of metabolic experiments with radioactive 
iodine and the balance experiments of Puppcl & Curtis. It is 
evident that tliyrotoxicosis might lead to severe iodine losses 
and the possibility of a depletion of the iodine depots is pointed out. 

Tlie fact that no less than half the total iodine in the body 
is found in the muscles and only one fifth in the thyroid, illustrates 
the importance of extrathyroid iodine. It seems po.ssiblc that the 
very rapid effect of large doses of iodine on the symptoms of acute 
thyrotoxic myopathy may be explained as a correction of an iodine 
deficiencj' in the pcriphciy. 

It is possible that eases of severe thjTotoxicosis may .show 
combined symptoms of hypcrlhyreosis and iodine deficiency and 
that the spontaneous thyroid crisis is chiefly caused by a lack of 
iodine. If this is true the importance of iodine medication in suf- 
ficient doses must be remembered and iodine will be as ncccssaiy'’ 
in the future even if hyperthyreotic .symptoms may be treated 
with thiocarbamidum or .similar compounds. 
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Case of intermittent branch block in a patient 
with myasthenia gravis. 

By 

VAGN BAARK. 

(Sulimillcd for piiWicalion February 20, lOla)- 


In 1944, a woman, 51 years old, entered this hospital with two 
rather rare lesions: myasthenia gravis and intermittent branch block. 

In recent years attention has been called to the orcurrence of 
cardiovascular abnormalities in inyasllienia gravis, and we linse. 
tried, therefore, to ascertain svhclher the branch block in this palieul. 
might have primary connection with her myasthenia — whether 
it might he a part of the. syndrome of myasthenia cordis. 


Case Jlisiorii. 

The jiatienl is a woman, aged 51, who has never had scarlet fever, 
diplitlicrin or rhenmalic fever. Tlie menses liai’c been irrepilar .since 
March 1013. She has now climacteric sjmiploms in (lie form of hot flushes (o 
the head; no palpitation of the licart. She Ims always hoou in good health 
nnli! about a year ago ivlicn .she conimcuccd complaining of tirednes.s and 
muscular weakness, especially in the arms, head and neck, but (bis condi- 
tion varied a good deal. 

10 days before admission, however, })pr condition was aggravated 
markedly, and she became so tired Dial she liad to keep to lier bed. She was 
unable to raise lier head from (he pillow, her muscular jiower w;is at its 
best in llie morning, poorest in the evening. She furflier complained of dit' 
ficully in swallowing (wlial she drank went the wrong way); and chewing 
her food made her tired. In tlie jmsl year she lias lost aboul'ir. kg in weight. 
She also has difficulty in .speaking {she jcannot say anylliing for lirodnesss). 



ri( 7 . J.‘ ElcclrocardioRram taken on 21/G/-I4: Action regular. P waves normal. 
PQ: 0.13 sec. QTIS; 0.13 see. R, and Sj l.irgc and notched. Tj and T« negative; 
T, low positive, crtii shows alow R w.avc, a deep, broad negative S wave, 
and a positive T wave; ST elevated. UTt shows a broad positive R wave, 
negative T wave, and lowered ST. 

Ophthalmoscopy: Normal findings. 

Fasting Blood Sugar: 81 mg %. Glucose tolerance test (70 g glucose by 
mouth): Max. Wood .sugar 1G7 mg %; duration to initial level (85 mg %) 
2 hours. 

Creatine Output in Urine: IGO mg in 24 hours. 

Standard Metabolism; 120 %; 124 %. 

As to pulse and electrocardiography, see below. 

Clinical Ecmnrks. 

Tlie diagnosis niyasllicnia gravis is established by the charac- 
teristic symptoms; Ptosis of the eyelids, universal muscular impair- 
ment localized especially to the muscles of the cranium, dyspha- 
gia. diplopia, and especially the prompt effect of prostigmin. 
This Ic.sion appears to have developed together with the appearance 
of the climacterium. Tliis is in keeping with previous observations 
on the influ ence of nicnstnialion and pregnancy on the condition 

> 1 cm 1 Mv. as ordinate, and 1 /lo see. .as abscissa — In all the leads. 
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PQ. 0.13 see. QPS. 0.13 see. H, nnd larfie aiul oolrhed. T, nm! T. iiecaitvc* 
Tjl w positive. CRji shows a low P wave, a <lccp, bro.nd nrfJ.ilivr S wave' 
and a positive T wave; ST elevated. IVlt shows a hw.ad positive H wave* 
ncfinlivo T wave, and lowered ST. ' 

Ophthalmoscopy; Is’orinal findiiifp;. 

F^Ung SW S«sm: 81 mp %. Ghims,. Ii-,! (70 p H„w<o l,v 

6>efltuie Output in Urine; 100 tnp in 21 hotir.s. 

Standard Mclaholism; 120 %; 12-1 

As to pulse and elect rocardiograjdiy, .see helow. 

Clinical ncmaiks. 

The diagnosis niyaslltenia gravi.s is ostahlishcd bv the ehnrar 

m Sr;,."™ r 

of the cliniacteriuni. Tliis is in I-ceniiirr 

~ -- - oh.sclssa-,„ „„ 
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Fig. 2. Electrocardiogram taken on 23/6/44: Action regular. P waves normal. 
PQ: 0.13 sec. QRS: 0.06 sec. R, and Sj large, not notched, STj and ST, lowered 
2 mm below the isoelectric line. ST, normal. T, and T, positive. CRji shows 
a positive initial deflection; ST elevated 0.3 mm; T negative. IVR shows a 
positive initial deflection: ST lowered 0.3 mm; T negative. 


of patients with myasthenia gravis [Viets & Sclnvab (14)]. This 
case must be considered rather serious as even large doses of pros- 
tigmin failed to make the patient quite symptom-free. 

Electrocardiography. One of the most interesting features 
presented by this patient is the electrocardiogram which keeps 
alternating between the two main types, shown in Figs. 1 and 2. 

Fig. 1 shows a t 3 q)ical left-sided branch block with oppo- 
site deflection of QRS in leads I and III [discordant tj’pe, Pardee 
(12)]. The conduction time is not shortened. Here then, we are 
not dealing with the branch block described by ^\'olff, Parkinson 
& White — the so-called WPW block with short conduction time. 

Fig. 2 presents no sign of branch block; and in the following 
this would be designated as the »normal typei>. It is not quite free 
from pathological changes, however, as ST is lowered a little in 
leads I and II, and the precordial leads give negative T waves. 

^^•hjle one main tv'pe, the branch block, keeps showing the 
same form for months, the normal tjme is subject to variation 
as shown in Fig. 3. 


CA5I-. or INTV.UMJTTr.M- UnVM'.II lH-Df.K 


tN A {'AltiNr V.!t)t S 





Pig. 3 . Elect rocnrdiourani token on No ^hlft of the ST 'cjtsnent lti 

the cxtrcnilty lend-; or In CUij. In IVH the coinllthnn nrx' iitnvrtjiln. T, nint T, 
n little higher poslttve. In the j'rcr«r<llnl lends jji,- 'j- sue 51111 

negative. 


In Fig, 3. tnlsTii on M/7. Iht- change'- in .S'F are gone, anti llie 
posilivc 7' t\ave.s in the cNtromily leads are higher, 1-nr several 
months then the ST .segments keep constant, nhile the T waves 
vary, being sometimes positive, sometimes neg.ativo. '11ms they .are 
often negative after the branch blork has pemisted for .some lenoih 
of time. 

So this patient is sufferring from interinillent Im.anrh bloeh 
(paroxy.smal bundle-branch l,loek). a relatively rare Jesi.n. .Still 
will the more frctptenl emplo^mienl of eleclrtumrdiogrt.phv nowa- 
days n IS encoimtered more frctptently. 

Comoau e/ o/ (3) have examined 13 eases and colloeled 58 from 
1 C Jiteralnrc fmdmg the. following fcaltues: 'I'he lesion is more 
ficqucnl on the left side. In most of the cases an organic lesim, is 
nd n, „ ol.c.rocar.Hofi,-„p„ic i„ 4",,: 

after the frequency.- coronary sclerosis, chronic rhctimalie. he.nrl 
esion, diphtheria and thyrotoxicosis. The presence of the block 
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on the rate of the heart beat. Thus itis.practicable in some cases to 
abolish the branch block by artificial decrease in the rate — for 
instance, by pressure on the carotid sinus or in the bulb of the 
eye — as the affected conduction bundle thus is better enabled to 
recover betAveen the impulses. But there is no established relation 
betAveen the presence of tlie branch block and the frequency, as 
the capacity for conduction varies. 

Stenstrdm (11) found that pressure on the vagus in every in- 
stance loAvered the frequency’- and in some cases abolished the 
block. The dependence of the branch block on the frequency has 
been demonstrated also by Donath (4) who in one case of inter- 
mittant branch block was able to elicit the branch block after 
injection of euphyllin, Avhich increases the frequency. In another 
case he produced the branch block through the dilating effect of 
euphydlin on the coronary vessels. 

Most of the cases of branch block reported in the literature have 
had an organic basis, usually’^ corresponding to a serious heart 
lesion. More recently, however, studies on the influence of the vege- 
tative nervous system on the electrocardiogram have shown that 
branch block may arise also as a functional phenomenon. 

In one patient with hypertension and coronary affection Co- 
meau was able by pressure on the vagus to elicit the branch block 
Avithout any changes in the frequency’. 

In a man Avith paroxy’smal tachycardia Purks (13) Avas able 
by pressure on the left carotid to produce branch block in three 
complexes without any^ change in the heart rate. Holzmann (6) has 
reported the case of a patient Avith boA’ine heart and pronounced 
impairment of the myocardium in AA’hich there Avas a branch block 
corresponding to the bradycardial phase of the respiratory arythmia. 

Lind (8) has described a case Avithout anamnestic or clinical 
evidence of any organic heart lesion in Avhich the electrocardio- 
gram Avas normal when the vagus tonus Avas Ioaa’, Avhereas it shoAved 
seA’eral changes, including )>branch block-like complexes^ AA’hen the 
vagus tonus Avas high. 

The most natural explanation of these incidences of branch 
block is that they’ are due to a direct action of the vagus on the 
conduction bundle, AA’ith inhibition of the conductivity. The effect 
is of functional character .and may be seen in cases AA’ithout any' 
signs of a serious heart lesion. 




Fig. 4. Electrocardiogram A was taken ininicdialely before inlmveiious Injec- 
tion of 5 cm’ of cupliylUn. Rate: 70. 

B was taken *15 sec. after the injection. Rate: 100. 

It will be noticed how tlic clcctroc.ardiogmm discontimially ri'Ycrls from 
the normal type to branch i)lock, at | . 


As far as I have been able, to find on I inlermiUenl branch block 
has not been observed previously in inynslhcnia gravis. On the 
other hand, on cxaininalion of II palienls will) mvaslhcnin gravi.s 
Ask Upmark (2) found cardiovascular anoiualic.s in inosl of Ihoni, 
especially, in the form of tachycardia, dyspnea and certain changes 
in the e]eclrocaidiograin. Soinctiincs the peripheral circulation was 
affected - as evident from cold, damp, cyanotic hands, the so-called 
»reptilc hands.) It was characleri.slic of all these symptoms that, 
like the other myasthenic symptoms, they wore abolished bv pros- 
tigmin. Electrocardiographic ciianges were found in 4 of these 
patients, consisting in depression of ST„ and small low Tj and T 
Correspondingly, in 2 cases of myasllieni.a gravis OellolaO) 
found a depression ot H,e ST seg„.ent, in one case in leads U Lul 
in. in tlie other in all three cxlremily leads. In the.se ease-s too the 
eleclrocardiogranis ivcrc normal after Irealiiiciit M-ill, proslfomi,, 
As our patient entered the hospilnl ivilh braiich .lil<lek'(mg. ij 



Fig. 5. Electrocardiogram A (branch block) was taken uiv 
1 cm^ acetyl cholin, subcutaneously (at i). Tliere was a 
with nausea, vasodilatation and sweating. 
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B; Branch block, N: Elcclrocardlogram of normal lypc. 

Al first tbc pwlsc rale is bigb, Imt aboul two weeks alter I be Instltntiou 
of conliiuial prosligmin therapy (on f>/7) it falls lo a lower leset. 


and aller a few daA's’ ircalmcnl with prosligmin — allogolhcr 8 
tablets of 15 mg — .sliowcd an clcclrocnrdingrani of normal type 
(Fig. 2), it was at first believed Ibal the branch block was dtic lo 
the myastlicnia. After discontinuance of prosligmin, on the day 
following the reappearance of the branch block an intravenous 
injectioA of prosligmin was given in order lo try its direct effect on 
the heart. The branch block was then found not lo disappear in 


(Fig. 5.) 

B was taken 2 min. after the injection, Now the clcclrocardingrain is of 
normal tjT)e, with a few brancli block complexes (with P waves). Rate: fi7. 

C was taken 5 min. after the injection, Kow the electrocardiogram Is of 
entirely nonnal tj-pe, with a rate of G2. All t lie T waves arc liigli, positive. 

D svas taken 30 min. after the injection. Now the rJitc has Increased to 02. 
Every other complex is seen lo be of normal everj* oilier of lirnnch block- 
type, the so-called Intermittent 2: 1 branch block. Now, then, the rate is of 
such a magnitude tliat tlie blocked branch of Hls-Tawara’s bundle is able to 
recover for tiic conduction of every other impulse. 

E was taken 45 min. after the injection. Now the rate Is 9.'), and the clectro- 
dicardiograni slions a clear-cut brancli block. 
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Spite of injection of 1 cm® prostigmin (0.5 ing). The branch block 
turned up and disappeared apparently independently of the treat- 
ment with prostigmin. Nor was prostigmin able to change the 
normal type of heart action to branch block on intravenous injec- 
tion of 0.5 mg. The heart rate is not altered by these injections of 
prostigmin. 

In tests with pressure of the carotid sinus and on the eye bulb 
no change is seen in electrocardiogi-am; in particular, the heart rate 
is not altered. This is in keeping with previous observations [Foxe, 
Salomon and others, cited after Ask Upinark (2)] to the effect that 
the oculocardiac reflex is abolished in myasthenia gravis. 

By intravenous injection of euphyllin it was possible to elicit 
the branch bloclc owing to the increase in frequency, correspond- 
ing to the 2 eases reported by Donath (Fig. 4). 

Subcutaneous injection of acetyl cholin gave no change in the 
electrocardiogram of the normal type, whereas this treatment 
in the presence of the branch block temporarily produced such 
a marked decrease in the frequency that the block disappeared 
for a while. On its return we observed the interesting transitional 
form of 2; 1 branch block which is considered extraordinarily rare 
[Geill (5)] — as shown in Fig. 5. 

So, ceteris paribus, the presence of branch block is directly 
dependent on the heart rate, but on daily electrocardiography 
for some length of time, on some days a low frequency (70) was 
associated w'ith branch block while on other days a high frequency 
(115) was associated with an electrocardiogram of the normal type. 
In a certain period of relatively brief duration electrocardiograms 
of the normal type were found with the lower pulse rates, whereas 
the branch block was associated with the higher pulse rate (Fig. 6). 

' Discussion.- 

When two rare affections as myasthenia gravis and intermittent 
branch block are found in the same patient, we shall naturally bo 
inclined a priori to reckon with a pathophysiological connection 
between the two morbid conditions. In our case, however, the 
view of the myasthenia as the cause of the branch block is gain- 
said by the fact that the block is not abolished or decreased after 
treatment wdlli prostigmin, which has a favorable effect on the other 
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s^™plo.m. This, ot course, is a serious nhiecliou, os h.Uierl" no 
s'jjplom o! myosthemo gr.-.vis l.os failed lo improve ou Iralmeul 
with prostifsmro, tail it is not conclusive. In inyasllienia p.iiis 
the inlcrsliUal accmniilalion ot Iyuil>llocyle,s on.l ilegener-llion 
of Miusclc fibers are often seen in Ibc heart just as in the. jnvjsclos 
affected [Ask Upniark (2)], and Urns it seems conceivable that the 
brancli block may be due to such a myasthenic muscular degener- 
ation rvliich has interrupted partially the left branch of the con- 
duction bundle, and that this affection has advanced so far that it 


can no longer be abolished by injection of prosligmin. 

The conductivity of the bundle of llis- 1 awara, moreover, 
appears lo be lowered after treatment with prostigmin, as liic 
block no\v appeared at a lower pulse rate than before, this treat- 
ment. Possibly il\is change may be due lo prostigmin although two 
things go against this: 1) the effect did not appear to commence 
immediately after the institution of the imosligmin therapy, and 
2) intravenous injection of prosligmin wa.s not able lo elicit branch 
block. Perhaps the cliangc is due ralJicr lo a varying condifioji of 
the myocardium with varying conductivity. 

I have not been able in the literature to find any information 
concerning the effect of prosligmin on intermiltcnl branch bloclt. 


But in studies on 9 normal persons, Ask Upmark (1) found, among 
other things, the following fcalurc.s after intravenous injection 
of prosligmin: prolongation of the conduction time, certain chan- 
ges in the ST segment and in the T Avaves, beside.s, in a few cases, 
prolongation of the QT interval. Accordingly, in normal subjects, 
prosligmin has an inhibitory oJfect on llie conduction lime and 
perhaps in the general conductivity of the bundle of llis-TaAvarn. 

It w^ould not seem natural lo imagine the branch block as a 
functional result of the myasUienia, as. according to the acetyl cho- 
lin theory, we should expect the vagus tonus to be lowered in 
myasthenia, w’hereas it is just an increase, in tlic vagus tonus 
that constitutes the functional cause of branch block. 

iUl told, the various findings seem to indicate that the hrancii 
block in our case is not due to tJie mjvasllienia. It is more likolv 
tliat coronary sclerosis forms the organic basis for the block -- 
just as in a majority of the cases reported in the literalnre. 

In our patient, however, there are other cardiac svmnlonK 
that are explained best as attributable lo the myasthenfa gravi-^ 
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Thus, in llie first electrocardiogram of the normal type we found 
changes in the .ST segments in leads I and II and also in the pre- 
cordial leads. These changes disappeared definitely under treat- 
ment with prostigmin. The T waves, on the other hand, appeared 
to change independently of the prostigmin therapy, as often they 
were negative after the branch block had been present for a con- 
siderable length of time — something that corresponds to Die 
•observations previously reported by Stenstrom (11). Temporary 
negativity of the T waves is sometimes seen also after paroxysmal 
tachycardia and after strumectbmy for thyrotoxicosis [Lepescli- 
Idn (7)]. Possibly this is a matter of functional changes. Norden- 
felt (9) has shown that it is typical of normal subjects to present 
high T waves with a high vagus tonus, low or even negative T 
•waves with a high tonus of the sympathetic nervous system. 

The tachycardia found in our patient on admission was probably 
due to her myasthenia. Ask Upmark (2) found tachycardia to be 
constant in his material. In our patient the tachycardia improved 
•under the treatment though not so promptly after the commence- 
ment of the continual prostignnn treatment as might be expected 
of a 'myasthenic symptom. Possibly^ there may also have been 
other factors contributory to the tachycardia — as, for instance, 
the ephedrin treatment and the slightly increased metabolism. 

On the other hand, our patient presented no particularly 
pronounced dyspnea at rest or on exertion; nor peripheral vascular 
anomalies. Possibly her shock-like attacks may have been due lo 
the myasthenia, although prostigmin had no effect on the attacks 
- — which may be due to »saturation» of the patient with prostigmin. 


Summary. 

Description is given of an instance of intermittent branch block 
in a patient with myasthenia gravis. Continuous prostigmin thera- 
py and experiments with intravenous injection of prostigmin appear 
to show that the two lesions are independent of each other. Still, 
•the possibility that the myasthenia may have been the cause of 
the branch block cannot be excluded conclusively'. 

The dependency of the branch block on the heart rate is illu 
strated by tests with euphyllin and acetyd cholin. In this v.aj 
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tJie rare phcnoinciion on inlcrniiU<!nl 2: 1 hrancli block is olicilcd. 
At the same lime, (icnnilc myasthenic heart symptoms arc demori- 
straled in the patient. 


References. 


1. Ask Upmark, Erik: Dcr Eintfiuss tics Prostigmins aiif das normalo 
Elcktrokardiogramm. Zlsclir. f. ICroislauffor.^cli. 2: -11 — (S, 19)1. — 
2. Ask Upmark, Erik: Car(lioYasc\ilar Observations in Myasthenia gravis 
and dystrophia mj’otonica. Acta mcd. Scandinav. IIC: init. — 3. Cnmeati, 
Hamilton & Wiite: Paroxysmal Bnndlc-Brancli Block associated with 
Heart Disease. Am. Heart .1. 15: 27G — 31G, 1938. — -t. Donath, F.: tUier 
inkonstant. Sclionkcll)lock mid iiher die Wirknng von Corphyllamin auf 
das Horz.'Ztschr. fiir klin. Jled. p. 802, 1937. — r>. Geill, Torhen: ParlieihT 
Schenkclblock 2: 1. Acta mod. Scandinav. lOD: llg. 1911. — 0. Holzmami: 
Cardiologia IIZ: 1913. — 7. Lepcschkin, E.: Das Elektrokardiograinm, 
1942. — 8. Lind, J.: Om vagnslielingadc okg-ft"»rhndringer. Nord. Med. 50; 
2181 — 218G, 1944. — 9. NordenfeM, 0.: Ober funklionelle \'’er.’lndt'rniigen 
dor P- unci T-Zackon im Elektrokardiograimn. Acta med. Seatnlinav. 1941, 
Suppl. CXIX. — 10. Oelfel: Cher parox. Tachycardi. Zlsr.hr. f. d. ges. exp. 
Mcd. 1942. — 11. Stenstrom: Further E.xperiences on Incomplete Bundle 

Branch Block in Man. Acta med. Scandinav. 07; 3.')3 3S4, 1927. 12, 

Pardee, H. E. B.: Clinical Asjiects of the Electrocardiogram. 1941, p. 117. 
— 13. Parks: Ann. Int. Med. H’; 1 in.'s— 1112, 1939. — 14. Viets vV Schwab: 
Diagnosis and Treatment of Myaslhena gravis. J. A. M. 109: lOaO 1937 




Ouvrages envoy^s aux Acta medica scandinavica. 

Slig Kullander; »Alka]inc and acid tides#. 134 p. Sydsvenska Dag- 
bladets Akliebolag, Malmo 1945. 

0. A: Bogomolclz: The influence of llic aniirclicular cytotoxic 
serum (ACS) upon tiic healing of bone fractures. (Bjihjihhe 
AHTUpETHKyjlJlpHOH UHTOTOKCllMECKOl'i ChlBOpOTKH (#AUC») 
HA 3AMCHBJIEHHE iiEpEJiOMOB), 193 p. Acadcni}' of .Scicnco.s 
of the Ukrainian SSR. 1944. 

Sven Elov Brolin: A study of the structural and liormonal reac- 
tions of llie pituitary body of rats exposed to cold illustrating 
the regulatory influence of the anterior lobe on the thyroid 
gland. 165 p. 26 fig. 2 colour-plates. Acta anatoniica, supplc- 
inentum III. Hakan Ohlssons Roklr 3 ’ckcri, Lund 1915. 

Carl-Herman Hiorhjb: De cpiteliala lunganlagcns tidiga morfo- 
genes lios fclis catus L. Embryologiska undersokningar. 181 .s. 
86 fig. A.-B. Glecrupska Univ-Bokhandcln, Lund, 1945. 

Olio Mcijcr: A new principle in the treatment of poliomyelitis. The 
international bulletin for medical research and public hj’gicne. 
Vol. A 44— P. Brussels, London, New York, 1914, 




Acta Medica Scandinavica. 


. Vol. CXXI, fasc. IV, 1945. 


the FM Medical Dapartmcn, SaHS-rfa HoapM, Gon.enl.nrf, 
Sweden. (Acting Hoad: Dr. Bo l->\\crt, M. B.) _ ^ 

r:. 



Raynaud’s Phenomenon in Riveters. 

By 

TORSTEN LINDQVIST, M.B. and TORSTEN FLEMBERG, if.B. 
(Submitted lor publication Fcbnmry 22, 1915.) 


II lias been known for quite a long time that abnormal conrli- 
tions can arise in the upper extremities in persons working for long 
periods willi tools driven by compressed air. The lc.sions can occur 
in the skeleton and the joints, in the form of necrosis in (lie small 
bones of the hand or patliologic changes of the deformans type in 
the joints of tlie.arni.s and liands; in the vascular s\^lcm, where cir- 
culatory disturbance producing signs and symptoms reseniltling 
those of Raynaud’s disease may arise; and, in rare cases, in the. 
nervous system. The general opinion seems to be that the damage, 
is caused by the vibrations of the tool, which are transmitted to the 
hands and arms. Many papers dealing will) this complaint have 
been publislied. Good reviews are to be found, for instance, in the 
communications by I'cil (1), McLaren (2), Hunt. (3), and .lung- 
hanns (4). 

In the present paper, we are confining ourselves to a study of 
the circulatory disturbances arising from operations witii tools 
manipulated by compressed air, special attention having heen paid 
to the question of the anatomic and functional factors at the root 
of these disorders. 

To judge from the literature, tlie symptoms seem on the wlmlc 
to be typical. The worlcmen complain of numbness and coid, 
20 — Acta med. Scandinavica. Vol. CXXI, 
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aching and stiffness of the fingers. In addition to this discomfort 
the skin in the affected areas becomes blanched. The symptoms 
arise chiefly after exposure to cold, even a slight lowering of the 
externa] temperature being sufficient to provoke them. Under the 
influence of warmth the symptoms soon disappear. In some work- 
men the symptoms make their appearance only after several years 
at this type of work, in others after a few months. In general, they 
seem to be permanent, even though the man in question ceases to 
operate pneumatic tools. 

It is thus an undeniable fact that circulatory disturbance pro- 
ducing on the whole typical symptoms can arise in workmen enga- 
ged in operations with tools worked by compressed air. What is the 
nature of this disorder of the circulation? This question has already 
been examined, and different views have been expressed on the 
subject. Hunt (3), who studied seven workmen mth this form of 
occupation, using a satisfactory technique and paying special atten- 
tion to the dilating capacity of the arteries of the fingers with a 
raised body temperature, found no signs of structural disease of the 
arteries in any of his subjects. His investigations proved beyond 
all doubt that the disturbance can be, and often is, purely spas- 
modic. However, as his material was small and he does not appear 
to have selected his subjects from among specially severe cases, it 
is not impossible that in some cases structural disease might he 
present in addition to the angiospastic component. Junghanns (i), 
on the other hand, came to the conclusion that when this syndrome 
is presented the patient is suffering from endangiitis obliterans, 
and that an extremely grave condition is therefore in question. He 
based his view, however, on the examination of a single case, taking 
the pathologico-anatomic findings from a biopsy specimen to he 
conclusive evidence. Judging by his description, how'ever, the 
complaint could quite well have been due to thrombophlebitis mi- 
grans without arterial damage. As his material consisted of only 
one case it is not possible here either to decide wdiether the sym- 
ptoms were due to a chance occurrence or whether there actually 
was an etiologic connection between the work and the illness. 
Rieder (5), after reviewing 250 persons worlung wth pneumatic 
tools, was also unable to find a single one with serious signs or 
symptoms of structural damage. He carried out no special investi 
gations to discover mild degrees of arterial disease, however. 
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Thiele and Reinhard (6) examined Rvo riveters and seem to haAC 
thought it most likely that a spasmodic condition m the vesse s a < . 
in question. Their investigations were not sufficiently ex laii. , 
however, to allow definite conclusions to be drawn regarding 

nature of the vascular disturbance. 

From these remarks it is apparent that the disturbance in the 
vessels is often purely spasmodic in nature. It can not be said, 
however, that structural disease can not also be present. ?.Iore 
comprehensive studies on a larger material are necessary before 
this question can be finally decided. The authors of the present 
paper have therefore attempted to reach a solution of the problem 
through an investigation on men engaged on this type of work. 


Material. Our material comprised ten workmen from the. Golavcrkcn 
shipyards in Gothenburg, viz. three riveters and seven riveter’s assistants. 
The work of a riveter consists in riveting iron plates together in the hulls 
of ships. This is done by means of compressed air, with a tool held by the 
riveter in botli hands while he is working. His assistant stands on the 
other side of the iron plate and holds in both hands a piece of metal against 
which the riveter directs his tool. Both the riveter’s and his assistant’s 
hands and arms arc thus exposed to the vibrations from flic riveting fool 
driven by compressed air. To avoid over-heating, cold air from a tube is 
played on the tool while the work is in progress. The riveter’s liands, espe- 
cially his right hand, arc thus also exposed to quite a considerable degree of 
cold in addition to the shaking. The assistant’s tool is not furnished willi 
any particular cooling apparatus; it becomes hot during llic work, and his 
liands are tliereforo subjected to a considerable degree of heal. 

At the Gdtaverken sliipyards there are about 150 workmen operating 
pneumatic tools. Our material was especially selected with a view to exa- 
mining those with the most severe and most persistent symptoms. (Tho 
men were chosen after consultation with the lieallh inspector at tho yards.) 
It was presumed that this category would be the most likely to have struc- 
tural changes. In other respects the men examined were healthy. 

The symptoms were similar and typical in all our cases. They consisted 
in a sensation of cold, stiffness, and numbness, and in blancliing of a few, 
or in some cases of all, the fingers, the paleness covering eillier tlio whole 
finger or only the terminal phalanges. In many instances these symptoms 
were combined with an aching pain in the fingers. Tho discomfort had 
arisen m some cases during the course of the work [cf. Homans, (7)3; when 
his happened the workmen were forced to rub their fingers or to beat 
their arms and hands crosswise fashion against th^ir chest before Iho 
• symptoms would subside. In others, they had appeared also at other 
times than during work, on exposure to cold, for instance when ihe 
were bathing out-of-doors during the summer. Cold damp weather seems 
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JO 1)0 n dominatit provoking factor and in this connection it sliould k 
stressed that the temperature by no means needs to be below zero. The dis- 
comfort had always subsided under the influence of warmth. Only one oat 
of fhe ton men c.xamined tboupht he bad noticed that wounds on his fingers 
did not heal satisfactorily. 

The general opinion .seems to he that a fairly long period at this type 
of work must elapse before the circulatory disturbance manifests itsell. 
In our .subjects, the symptom-free interval was of varying length, as may 
be seen from table 1. 


Table 1. 


Case No, 

IVork with 
pneumatic tools 
No. of years 

Sjanploms 
No. of years 

1 

2C 

25—26 

2 

If. 

10 

;{ 

17 

tc 

1 

12 

G 

5 

25 

10—12 

G 

7 

5 

7 

15 

5— C 

.s 

15 

5— C 

9 

21 

19—20 

10 

20 

■ to 


It is not j)Ossiblc to decide wliether a spasmodic or an obstructive dis- 
turbance in the vessels is in question on the evidence of the subjective 
symptoms alone. Wore exhaustive investigations musl be carried out be- 
fore this question can l)c cleared up. 

Technique. When choosing our examination method we decided louse 
measurements of the skin temperature in the fingertips with a rising bod) 
temperature [sec Gaylor, Upiais and Carmichael (8)], as experience has 
shown that it is possible with this inelhod to distinguish salistactoril) 
between spasmodic and stnictural disordei-s in the arteries. 

The examinations made in this investigation were carried out iu tw 
following manner. The subject under examination, clad only in awcollen 
robe, was made to liold bis liands for ten minutes in a pail of water having 
a temperature of 15° C. By this measure a suitable starting temperature 
^Yas obtained. He was then asked to remove his hands from the water an 
dry tliem thoroughly without rubbing them. Tlic measuring of the skm cm 
perature on the volar surface of Ibe fingertips was then begun. The junc 
tions of the coppcr-constantan clement (a Tykos ttDermatherm») u ev® 

pressed against each of the fingertips in turn, at such a rate th^ a recor 

ing was obtained once a minute from each of the ten fingers. e ■saue 
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were read off on llie galvanometer. Wc recorded the temperature for about 
five minutes. This is sufficiently long to obtain a fully satisfactor}"^ idea of the 
beginning temperature, which remains practically constant for this length 
of lime. The feet and lower legs of the subject were then placed in a bath 
of water with a temperature of 44 ° C, and the recording of the temperature 
in the fingertips was then continued in the same way as before till the 
arteries were fully dilated. The room temperature was kept around 15° C 
during the experiments. The temperature in the subject’s reclunr was 
taken at the close of the experiment. 



only the values from two “““ 

'vhich the temperature rise , L| r ‘'>0 finger i 

^-lowest. The vertical arrov/i„dicates t'l!;' '™ 

licating of the body was begun! "’™'™ 

work for 20 jL^Hc tonraf ''' I'nd been at Ih, 

since he began lire work. The symplm^rl '■'‘’“'■'■'ucnlioncd (vpi 

'■"-s on hoih bauds, o, ,be s, 
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As may be seen in figure 1, the temperature in the fingers soon began 
to rise and increased at a rapid rate. The temperature rise followed a typic- 
ally normal course, indicating that the arteries were normal. There to 
nothing to indicate either spasm or structural disease. 


Case 2. E. E. A., a riveter, born in 1909. He had been doing this type 
of work for 10 years. He had had the typical symptoms for the past 10 
years, all his fingers being affected, to an equal degree in both hands. 



In this case the dilatation (see fig. 1) occurred later, but when once the 
rise had started it proceeded rapidly, as it liad done in the first case. Here, 
in all probability, there was a spasmodic obstruction, but it soon relaxe . 
As in the first case, so here also there was no reason to suspect the presence 
of structural changes in the arteries. 


Case 3. E. G. N., a riveter’s assistant, born in 1903. He had been enp- 
ged on w'ork with pneumatic tools for 17 years, and had been suffering 
from the typical symptoms in all his fingers for 16 years, no difference 
being noted between the right and the left hands. 

Figure 2 show's that, as in case 2, the temperature rise occurred 
late, up to 20 minutes after the heating w'as begun. Here, a spasmo ic 
obstruction was undoubted]}' present. Vt'hen once the temperature rise la 
started, however, it proceeded rapidly and the presence of structural 
changes in the arteries thus seemed unlikely. 
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- . V. B. 0., 

Crotl* o'r«. ..an^s .ere a,Wea. ,0 «.e sa.c degree 
difCerenlly (see fig. 3}. li e iiuie i i, temperature. In 



In the right thumb and the left middle finger the dilatation was even more 
delayed. After it had started, however, there was a very quick rise. Vas- 
cular spasm was obviously present in both thc-se fingers. In this man also, 
there were no signs to indicate structural changes. During the course of 
the experiment a few clinical observations of interest wore made in this 
case. After exposure to cold the four ulnar fingers on the left hand were 
noticeably blanched, and this phenomenon lasted for about fifteen minu- 
tes after the heating of the body was begun. The paleness was then rep- 
laced by redness. Similar blanching was observed in the second and third 
fingers on the right hand. This feature did not become apparent, however, 
until about ten minutes after the heating was begun. Tliere seems to have 
been no definite connection between these features and the course of the 
dilatation. Thus, the right thumb, in which the dilatation was delayed, dis- 
played no change in colour. Of the four ulnar fingers on the right hand, 
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the rise in the lempcralnrc occurred later in the second and third lingers, 
however, a fact wliich was to he expected in view of the clinical signs. 
In the fingers on the left liand the signs and symptoms and the course ol 
tlie temperature curve were in belter agreement; the arteries in the lhum1), 
wliicli showed no clinical signs, dilated first, the other fingers later, an! 
among these the third finger lagged behind noticeably. 

Approximately the same picture was present in the other six men. 
In no case were there any signs of structural damage. 


In addition to these ten cases we are appending a further m 
whicli was not included originally in the investigation but whidi 
is worth mentioning because it contained features of particular 
interest in the present connection. 


Case n. A. 0., a riveter, born in 1904. [Previously described by Lind- 
qvist, (9).] He had been doing this type of work for the past ew years 
and had had the same symptoms, blanching and numbness o e 1 ^ 51 
as the others. On .Afay 20, 1943, he hurt liis right hand 
sustaining a wound on tlio back of the hand, at the base 0 e 1 
fourlii fingers. Tliis wound was stitched, but began to suppurate 
few days. It gradually healed, however. As he bad also sustained a rup 
of the extensor’ tendon of the right little finger at its insertion in 
niinal plialanx lie could not return to work. The rupture 1 
spontaneously and his finger was therefore put in plaser . 

Wien examined on .June 20 ho complained of an ache and a se 
cold in the third and fourth fingers on the right hand, and his 
found to be cyanotic and cold. He was given priscol, 
was noted. At an examination on July 8 he reported a 
slight accident a blister had appeared on the terminal ; 

finger. The blister was cut away and the wound healed 
but around July 20 a couple of small Wood L j,v thesi 

immediately above the site of the first blister. The 
blisters was slow in healing. As arterial damage was fuspect P^^^^ j 
was examined by the method described earlier m tins paper. 1 
shown in figure 4. 

Tiie fingers on the left hand all yielded . gimilarl 

as the middle finger. The little finger on the right in tb- 

to the ring finger. The examination proved that ^ ihnt in the 

middle finger on the riglit hand rose at a much slou present in 

other fingers. It seemed obvious that ° Index finger but the 

this finger. The same features nt^r fingers on the right 

obstruction was less severe in this fmg . hand, but 

hand the temperature rise was slightly^ s ower J" on 

t,„„, , diagnostic point ol view no ■'» ‘f ' a“ „f to middle 

, this observation. From tlie measurement j^^nd the elevation in tem- 

fi ngers it was also established that in the right hana 



i(AYXAl3D’S PlIEKOMENON JS RIVETERS 


317 


,e,»lu.= look place sooper al lUe base 

ii pri\";"e 10 

probable that in this patient the narrowing of the vascular lun 



have arisen in consequence of his work. The most likclj' explanation, there- 
fore, is that a thrombotic process arose in the arteries of the second and 
third fingers of the right hand following the trauma or the sccondaiy in- 
fection. Owing to the nature of the complaint he was advised to give up all 
work with tools driven by compressed air. 

In five of the men we attempted to influence the symptoms willi 
priscol. When they used this preparation, in a dose of 0.025 g, 
they all stated that the symptoms were less severe or entirely absent 
when their. hands were exposed to cold. when avvay from work, 
but that while the work was in progress they could ob.serve no 
change in the symptoms. 

Thus, in none of the men examined were there any grounds for 
assuming that their occupation had given rise to .structural changes 
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in the arteries. In some of them arterial spasm was present, in 
others the vessels reacted absolutely normally during the tests. 
Our material is admittedly rather small, but as it includes only those 
who had discomfort of long standing and of great severity from 
among a very large number of workmen with symptoms it cannot 
be denied that its value as a means of demonstrating the absence oi 
this type of structural disease is fairly high. There seem, in fact, to 
be no established cases of structural disease of the arteries having 
this genesis. The case described by Junghanns, as we pointed out 
earlier, can not be attributed any value as evidence to the contrary. 

We therefore consider the circulatory disturbance occurring in 
workmen operating pneumatic tools to be of a functional nature. 

Summary. 

Although there already exist a large number of publications on 
circulatory disturbances arising as the result of operations witli 
pneumatic tools, the nature of these disturbances has remained 
unclear. Some observers consider that structural changes in the 
arteries are present in these cases, others that arterial spasm forms 
the genetic factor. The authors of the present paper have examined 
ten men, those with tlie severest symptoms in a group of 150 work- 
men. The examinations were carried out by the method of measur- 
ing the skin temperature in the fingers with simultaneous raising of 
the body temperature. In none of the men was it possible to demon- 
strate structural disease. In some there w'as severe, in others mode- 
rate vascular spasm, and in the rest the reactions of the vessels 
w'ere quite normal. We believe, therefore, that the circulatory 
disturbances in workmen operating tools driven by compressed air 
are of a functional nature and not due to structural change. 
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Studies on the effort syndrome. 

n. The Conditions of the Large Arteries During Muscular Work 
Illustrated by Oscillometric Measurements.^ 

By 

B. CHR. CHRISTENSEN, M. D. 

(Submitted for publication Juno C, 1944.) 


In a previous work by the author (1944, c) it lias been de- 
monstrated that patients suffering from the effort syndrome are 
able to carry out rather great bodily work, and that the va- 
riations in the arterial pressures and the pulse rate during muscular 
work are the same as are seen in normal persons of the same sex 
and age. 

In the article here presented an account will be given of the 
oscillometrically demonstrable changes in the conditions of the 
large arteries during muscular work. 

Bergman (1922) has made oscillometric measurements during 
muscular work but has found no changes in the range of the maxi- 
mal oscillation nor in the shape of the oscillometric curve. 

Eldahl (1933) and Em. Hansen (1937) have likewise made oscil- 
lometric measurements during muscular \York by means of an op- 
tically registering oscillograph constructed by Eldahl. These 
writers did not either, even at hard muscular work, succeed in de- 
monstrating a change in the shape of the oscillometric curve, which 
is probably due to the fact that the oscillograph applied by them 
was not sufficiently sensitive. 
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Own Investigations. 

For these investigations an optically registering oscillograph 
was applied, a description of which has been given in a previous 
work (1944, a). 

On Krogh’s bicyclcergometer working experiments were made 
with 8 normal young men and 8 young male iialients suffering from 
the effort syndrome. Both the normals and the patients carried 
out work of from 300 to 1200 kgm per minute for up to SOminutc.s. 
In this article mention will be made of the oscillographic curves 
registered immediately before the commencement of the work, 
just after its start, and just before its discontinuation. 

Normal Persons. 

Fig. 1 serves as an example of an oscillographic film produced 
during the carrying out of a work of 900 kgm per mimilc. The 
■oscillomelric curve calculated from this film presents no peculiari- 
ties, so accordingly there is no need to describe it further here. 

Fig, 2 is from experiment No. 7o, in which the person experi- 
mented on. No. 2, carried out 1200 kgm per minute for 30 minu- 
tes, an amount of work that did not tire the person in question 
M IS seen that curves 11 and 111 are alike in sire and ol the same 
shape as curve I, svhich must signify that the arterial rvall has the 
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Fig. 3. 3 oscilloinctric curves from experiment No. 76. Curve 1 registered 
immediately before llie commencement of llic work, curve 11 just after the 
start of the work, and curve 111 after 29 minutes of work. 


same pressure-volume curve as when llie muscles are at rest. The 
increased maximal oscillation in proportion to the resting curve is 
caused by the increased arterial pressures with a resulting greater 
arterial diameter. 7 of the normal persons showed in all worldng 
experiments the same conditions. 

Fig. 3 is from experiment No. 76 in which the 8‘*' person experi- 
mented on, carried out a work of 1200 kgm per minute for 30 riiinu- 
tes. In this case curve III is seen to have become changed, being 
somewhat flattened and lower than curve II. This change is indica- 
tive of some contraction of the arterial wall. A similar curve has 
been obtained at another working experiment, likewise with a w^ork 
of 1200 kgm per minute, w'hcreas no such change in the shape of the 
curve has been observed at the carrying out of a w'ork of 900 kgm 
per minute for 30 minutes. Tliis means that in this normal person 
there occur oscillometric curves that are indicative of a constric- 
tion of the branchial artery, w’henever the person carries out great 
bodily works. 

It would be tempting to make oscillometric measurements 
at still greater amounts of work in order to make out wdiether it 
were possible in all normals to demonstrate arterial contraction 
during muscular work. However, such experiments cannot be 
undertaken with the technique applied at these investigations, be- 
cause it is impossible for a person experimented on to keep one arm 
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quiet and related and at llic same lin.c tarry m.l xvorks cxcccrIinB 

'^u'^intorLresting to act rvhclUtr there octurrert sin,i- 
,ar coatractiona in the large arteries of the rvortang cxtmn.t.cs. 
This cannot, horvever, bo explained by means ot the ose.llomctnc 
method, the latter being only applicable to cxlrcmilics at rt.sl 
with relaxed mnscles. As the oscillomclric curve alters Us shape to- 
wards the normal at the discontinuation of the svork there is no 
possibility either of demonstrating this change in the curve by 
oscillometTic investigations of the working extremity iinincdialcly 
on the discontinuation of the work. 


Patients Suffering from the Effort Syndrome. 


As mentioned in the preceding there appeared in a lew cnsc.s in 
normals a change in the shape of the oscillomclric curve during 
muscular work, a change that was indicative of a contraction of the 
wall of the artery measured on. As suggested in an earlier work 
c) there occurs frequently in patients with the effort .syn* 
drome a fall in the maximal oscillation during muscular work; 
and it has been pointed out that this fall occurs also at works 
requiring but little effort of the persons concerned. 

2 examples arc given here of oscillomclric curves registered 
while patients with the effort syndrome were doing muscular 
work. Figs, 4 and 5 arc from experiment No. 135 in which there 


was performed a work of 900 kgm per minute for 30 minutes. Fig. A, 
which was produced just after the commencement of the work, 
illustrates the normal variations of the oscillations at the different 
cuff pressures. Fig. 5, produced after 29 minutes of work, shows 
plainly that the oscillations have become small and almost equal 
in height over a rather large pressure area. 

For each of the experiments 3 oscillomclric curves have been 
registered in the manner mentioned in the preceding, i.c. one curve 
immediately before the commencement of the work (curve I) 
one fnsi after tlm start of tlie work (curve 11), and finalh/onc 
3 ust before the discontinuation of the work (curve III). 

No. G carried out 

300 kgm per minute for 30 minnlcvscrves as an example of a t ypi- 
cal change of the oscillomclric curve at even very ligia ^vo,)c. 
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Oscilloinelrlc film from experiment No. 135 rcgistcrcrt immcdinlely nfler the lieBiutiIng of the work 
'I'hc flgurc.s above the curve imllcete tlie pressures in the compressing cuff. 
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Fig. 6. 3 oscilloiTielric curves from experiment No. 129. Cur\'e 1 registered 
immediately before the commencement of the work, eurve II just after the 
start of the work, and curve III after 29 .minutes of work. 

It appears plainly that curve II, registered immediately on the 
start of the work, is lower and more flattened than the curve 
registered at rest, and that curve III, registered after 29 minutes 
of work, has the shape found when the artery measured on is con- 
tracted. 

In experiment No. 97 patient No. 5 performed a work of 600 
kgm per minute for 30 minutes without any troubles for the patient. 
Fig. 7 shows that curve III, registered after 29 minutes of work, 
has become flattened and plateau-shaped as a sign that the artery 
measured on is contracted. All the other patients showed at the 
same ivork a similar alteration of the oscillometric curve registered 
after 29 minutes of work. 

Experiment No. 85, carried out by patient No. 3, shows the 
variations during a work of 1200 kgm per minute for 11 minutes, 
which was this patient’s maximal capacity. Fig. 8 renders the 3 
oscillometric curves. Curve III, registered immediately before the 
discontinuation of the work, is here seen to be pronouncedly de- 
formed, the range of the oscillations being practically the same 
at pressures from without varying from 190 to 80 mm. 

From the examples instanced here of working experiments 
with relatively small amounts of work it appears that during muscu- 
lar work there occurs a marked change of the oscillometric curve in 
patients suffering from the effort syndrome. Further it appears that 
this change occurs already at work which the patients in ques- 
tion can carry out Avithout feeling tired, and finally that it gets 
more and' more pronounced at increasing amounts of work. 
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Fig. 8. 3 oscillomelric curves from cxpcrimcnl No. 85. Curve I registered 
immediately before the commencement of Uie work, curve 11 just after the 
start of the work, and curve 111 after 29 minutes of work. 


This change in the shape of the oscillomctric curve shows tliat 
in patients Tvith the effort syndrome there occurs constriction of 
the large arteries during work, and that this constriction is often 
seen to appear at work that the patient is able to perform wit- 
hout getting tired. As mentioned before, these clianges arc only 
demonstrable in the arteries outside the working areas. 
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Fig. 9. The variations in the arterial pressures, the 

ralge of the maximal oscillation in experiment No. 85. Uninterrupted hac 

indicates the 1st pressure, the 2 nd pressure, and , Lower 

frequency. The abscissa indicates the time in minutes, ^le ' upper 

sec«on i the values of the arterial pressures and the 

section = the variations in the range of the ma.ximal oscillation - P 

in mm. 


The change mentioned here in the state of the arterial uall 
:fects highly the palpatory estimation of the pulse. Thus a inan> 

• the experiments it was hardly possible to count the pulse by 

dpation of the radial artery. The pulse 
A comparison of the observations mentioned here vith 
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conditions seen in the normal persons shows the essential difference 
between the two gronps to be this that in the patients tt^enal 
constriction ocenrs at works which they are able to cairy out 
Without feeling tired, and that the changes are constant in the pa- 

The most obvious explanation of the constrictions demonstrated 
here in the large arteries outside the working muscle areas is that 
they should form part of a collateral vasoconstriction to lighten 
the venous return and with it the increased requirement of the 
minute volume of the heart, a theory advanced by the author in 


1941. 

■ In case now the large arteries should take part in the general 
circulatory regulation we should quite naturally imagine a similar 
constriction to be demonstrable at other requirements on the 


blood circulation. 

The author has therefore made oscillometric measurements 
on 2 normal young men and 2 young male patients with the 
effort syndrome during change of posture on a tilting table. The 
conditions were investigated with the person in question taking up 
the passively standing position, i.e. wdth relaxed lower extremi- 
ties, a position that makes great requirements on the circulation 
(Hohwii Christensen & collaborators). Numerous experiments were 
made with measurings on both the brachium and the femur, but 
not in a single case any change in the oscillometric curve was ob- 
served, not even in the cases in which there occurred a fall in the 
blood pressure during the experiment. 

To be true the arterial constriction demonstrated during mus- 
cular work does not have the character of a response to nervous 
reflexes, as it does not occur momentarily but gradually during the 
work. Thus fig. 9 shows that the maximal oscillation rises steeply 
at first together with the rise in the blood pressure, then to fall 

slowly while at the same time the blood pressure remains rather 
unchanged. 


As mentioned in a previous work by the author (1944, 
Sonne (1923) has advanced the hypothesis that the symptoms 
effort syndrome should be simple acapnial symptoms caused 
hyperventilation during muscular work, and that Soley & Sho 
1938) and Guttman& Jones (1940) have managed to provoke t 
ypica symptoms on the patients by hyperventilation at rest. 
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In another work (1944, b) the aulJior mentions the demon- 
stration of the fact tJiat any form of ventilation causing release 
of carbon dioxide brings about in normals a constriction of the 
large arteries at a time when subjective symptoms of acapnia have 
not yet occurred. 

Accordingly the presumption suggests itself that the constric- 
tions of the large- arteries demonstrable during muscular work 
are due to the fact that the individuals in question hyperventilate 
during work thereby releasing COg. 

This fact has been investigated further by means of experiments 
in which the persons checked their respiration voluntarily during 
the work. Be it said at once that such experiments are very diffi- 
cult for the persons to carry through. First it is even for a normal 
person difficult to check the respiration voluntarily during relatively 
hard muscular work, and secondly he must, coincidently with his 
checking of the respiration, take care that the arm measured on 
is kept completely relaxed and at muscular rest. Finally he must 
during the whole work ride in time to a metronome. 

The principle of these experiments was to let the patient work 
until, by observations of the oscillations of the optic index in the 
oscillograph, the experiment conductor suspected that the oscillo- 
metric curve had changed its shape. When this had happened the 
patient was ordered to check his respiration as much as he could, 
and at the same time it was tried to register one or more oscillo- 
metric curves. When he could not check liis respiration any longer 
he made a sign to the experiment conductor. 

After many training experiments, had been made, 5 such expe- 
riments were finally carried through on 3 patients. 

It appears that the arterial pressures and the pulse rate are un- 
influenced by the checked respiration and that the maximal oscil 
lation increases considerably as long as the respiration is checked. 

A view of the individual oscillometric curves shows that during 
the checked respiration the curve changes its shape getting to 
resemble the normal oscillometric curve. 

Fig. 10 illustrates this fact. Curve I was registered before the 
patient checlred Ins respiration, curve II during the checking, an 
curve III w'hen he breathed »normally» again. It is seen plainly that 

curve II is of an almost normal shape. 

Thus these experiments show that the arterial constriction 
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occitring during wk in palicnts suffering from flte offorl syndrome 
can be removed ^Ybcn fiic palicnls in (luoslion cliock llieir respira- 
tion. On the basis of tiie previously mentioned voric by Uic milbor 
(1944, b) there is reason to presume that it is the carbon dioxide 
tension increased during the checked respiration that removes the 
arterial constriction. 


Summary. 

A description is given of the author \s o.scillomotric investigations 
of normals and patients with the effort syndrome while they were 
doing muscular work. It appears from these investigations that 
normals may occasionally during work ])resent tiscilhvmelric curves 
that must be caused by conlraclion of the wall of the artery mea- 
sured on. Tliese changes are not constant being only oljservablc 
at fatiguing works. But in the patients a constant arterial constric- 
tion is demonstrable even at the works that are easy for Ihoin to 
perform (600 kgm per minute). At fatiguing works this change beco- 
mes more pronounced. This fact is elucidated by various examples. 
Thus it appears from this scries of investigations that there is a 
difference on this point between the normals and the patients with 
regard to their response to worlc. 

Then the cause of the arterial constriction is discussed, and the 
author arrives at the result IJiat the constriction may he due to 
hyperventilation with a resulting reduced CO.^-tension in tlie arte- 
rial blood. For a further investigation of this fad oseiliomclric exa- 
minations have been made during muscular work with checked res- 
piration. These examinations show that llic oscillomclrically 
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demonstrable constriction of the large arteries can be removel 
when the person experimented on checks his respiration volunlatily 
during the muscular work. This observation collated mth predoiis 
investigations made by the author are indicative that the patients 
suffering from the effort syndrome hyperventilate during muscular 
work, a fact that bears out Sonne’s hypothesis that the symptoms 
of the effort syndrome are acapnial symptoms. 

Finally it should be mentioned that at the investigations men- 
tioned here there has been demonstrated no qualitative difference 
between the response to work of the patients and that of the nor- 
mals. This favours Lewis’ hypothesis that the symptoms in the 
patients are ordinary phenomena of fatique, and that the only dif- 
ference between the normals and the patients is that the latter get 
tired more quickly than the former. Accordingly the author is of 
opinion that Lewis’ term »effort syndrome# should be the term 
applied. 
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Rotlimund-Werner’s disease.' 

A Case with Internal Frontal Hyperostosis. 
By 

ASGER LOUW. 

(SuUmillcd for pulilfcaUon Fchniarj- 2.'?, BB'i). 


A good many diseases arc known merely as an apgregnle of 
symptoms — syndromes -- the true connection of wliirli is .still 
obscure. Often they are represented by tiic rraro casc.ss which appear 
to be of no gi-cal significance in the daily juacticc of mcdicint*. 
and ycl they arc of some importance, being not merely cjiriosilic.s. 
As wiultifacclcd stonefs), difficnll to place, ])ut, once adapted, 
capable of illuminating the entirely^. Tliey may turn out to be the 
way leading to the depth of some pathological jmddom.s. 

Wiile working with the clinical aspecl.s of Hie frontal hypero- 
stosis I have met with a patient who presented an uncommon 
nosographic picture of that kind. As far as I have been able to 
find out, the Scandinavian litcralnrc has not yet hronglil any 
other report on a similar ca-sc. 11 will be appropriate, (heveforc. 
first to give a detailed account of the case, history and symptoms of 
this palicnL and then what little is known about Hie disease. 


Case. IJistorif. 

Fhe patient is a woman, -13 years old, who has heea prauted iuvalidilv 
benefit. On 21 / 3 / 19.14 she wa.s admitted to (he Neuvological Department of 
tiie Aarhus City Hospital for ob.servalion. 

"“I"'”' !<' A»rh„, 



334 


ASGER EOUW 


She is No. 6 of 7 siblings. 1 brother died of tuberculosis, but all theotlur 
sibs Avere said to be aa’cII. The parents died at an early age; the father died 
of pulmonary tuberculosis at the age of 40. In preAuous certificates to the 
Invalidity Insurance Council it says that he was alcoholic, but ll)is cliarac- 
terization is denied by the sisters of the patient who claim that he consu- 
med alcohol only in a light degree »like so many others at that time^. 

The mother committed suicide at the age of 44, during an attack ol 
melancholy. 

OthenA'ise the family history is claimed to be negatiA’e as to diseases or 
manifestations of morbid character, and — AA'hat is important in tins 
connection — the case of our patient is unique in the family. 

Up to the age of 5 years her development is said to have been normal 
in every respect. Her parents died AA’hen she AvasSyears old, andshcAva.' 
placed in a children’s home, AA’here she stayed till she Avas 27 years old. 

She had ahvays been thin and delicate of build, though able to nin 
about and play like other children. Noav her development became qnitc 
abnormal, hoAvever. Her growth Avas retarded and she became horribly 
emaciated. The muscles of her arms and legs wmsted aAA'ay or failed to 
dOA^elop; and the muscular power was very Ioav. Slie AA-as examined several 
times AAuth a vieAV to the possibility of tuberculosis, but no cA'idencc of a 
tuberculous infection could be found. 

Concerning her cbildliood she says herself in a secretive Avhisper; »It Avas 
my nerA-es that got had because I ncAmr AA’as allowed to get out; I always 
had to stay indoors.a She quit taking food because she thought she would 
die anyhoAV. She could hardly SAA'alloAV and had no spittle in her monlii. 
She further said that Avhen she AA'as on a picnic AA'itli the other children of 
the home she ran aAA'ay from them in order to hide her appearance, and 
she Avould pinch her arm to see if she really Avas alive. 

After her confirmation she tried some situations as nursemaid and as 
milliner’s apprentice, but she could not keep any of them. She aa'os clumsy, 
her hands and feet shook and she aa'us not strong enough to lift a bucket of 
Avater. Slie returned to the children’s home AA'here she Avas given an easy oc- 
cupation — sewing, mending, and playing AA'ith the children. 

Her sexual maturity appears to liaA'e proceeded normally. The menstru- 
ation commenced at the age of 13 and continued regularly, though ahvays 
most scantily, till the appearance of the menopause at the age of 39. 

Also her mental habitus appears not to ha\'e suffered any p^ticular 
impairment during her illness; it has merely preserA’ed a distinct infantile 
character. She attended school till her 15fh year and got along weii, alt- 
hough she Avas ahA'ays very nerA'OUS and sensitiA'C to the noise of the oilier 
children. 

At the age of 27 she Avas granted inA'alidity benefit because of her dofec- 
tiA'c doA'clopment, her dAvarfisli groAA’lh and neurasthenia. At that time 
she measured 148 cm in height and AA'eighed 29.5 kg. A single determma 
tion of the metabolism shoAA-ed a rate of 88 %. 

At this time the skin of her feel began to undergo some marked chan- 
ges. Her skin had always been dry and scaly, hut within a few years there 



now developed a marked degree of sclerodcrmia on 
also the skm of nei 
degree. 


noTnMbND-wr.aNr.n’s Disr,Asn 

the feel and leg.';; laUT. 

I- hands and face hecame sclerodermic hut in a le.-'.<;er 

Both in childhood and later the patient had trouhle in walking he- 
caufe there was no flesh on her feet^. In 1029 she was given or hopedn 
raiment for pedes piano valgi fixati with flat-foot 
renewed in 1934. Gradually, however, it hecame impossihle for In r to nalk 
hecausc of the appearance of ulcerations and inflammatory processes on 
her feet that would not heal. For the past -l-r. years these snppuraliv.- 
refractory ulcerations have forced her to keep to her hed, partly at honm, 
partly in the Saihy Hospital, where a sequestrum was removed from one of 
tlic ulcers, * 

At the age of 35 — 30 years, impairment of the vision commenced insi- 
diously, loading lo operation for cataract of the right eye in 1938. At llml 
time the visual acuity of the left eye was fairly good, hul it has decre.iscd 
markedly since, and now the patient is able merely lo make out lampliglit, 
strong colors and the rough oullino of persons. 

From her 9lh lo her lOlii year the patient has had long periods of in- 
tense and persistent headache, referred lo the occipital and juirietal region 
as a pressing band, without the character of migraine. She has been 
troubled a great deal with poor sleep and coiislaully with overwlieliniiig 
tiredness. 

In June 1935, after several convulsive attacks, the patient was ndinilled 
lo the Sfcby Hospital in a comalous state; no particular information about 
this condition could ho ohlained. In November 1938 she was admilled to 
the Hjorring County and City Hospital for the sake of a thorongh examina- 
tion on account of an application for an increase in lier invalidity benefit. 
On this occasion it was discovered that the patient i.s .suffering from (f/u- 
betes: glycosuria (Lohnslciu 0.3); -f diacetic acid; — acetone. Blocd 

sugar: 228—180 mg %. 

Glucose tolerance test: maximal rise lo 370 mg % after 1 hour; 2r..5 
mg % after 4 liours. 

In addition, hyperosiosis of the cranium was revealed. 

Roentgenography of (lie skull showed; Form naUiral. Most of llie walls 
very thick; in the frontal region unquestionahle palhological thickiu\>.s 
mca.suringnp to 2 cm. Here the walls arc complelelv sclerotic and the iios- 
terior border is very irregular. The arterial configuration is verv distinct on 

both sides, with the same caliber. The impressions arc not accentuated 
oella turcica normal. 

graphically' halistcrcsis are demonstrated roontgcuo- 

X-ray examination of the left fool: The skeleton is markodlv under 
developed and the calcium coiiloiil of the bone is low. X-rav exam of th(> 
W l,»lt ol .1,0 lo I lop Scollorocl arooo o. rarolioatio,, in I ,o S n . 
cularly pronounced about 0 cm. above the anHo i . ’ J 

surroundings. The corresponding part of the fibi/ln i ‘ 
riofinnu .r ,1.. , ‘ ^ shows rallici' Shfirply 


1 . - ^ o Vi lU 

defined atrophy of the bone liere and there. 
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Fig. 1. 

/ 


(All descriptions signed Rask-Nielsen.) 

Laboratory examinations reveal a state of hypocalcemia: Serum calcium, 
8.7 — 8.4 mg %, Otherwise no abnormality: Metabolism, 108 — 97 %. speci- 
fic gravity of the urine, 1020 — 1036. Hormonal analysis: 12.5 R. U. gonado- 
tropic hormone per 24 hours. 

At that time her condition was designated as an insufficiency-dysfunc- 
tion of one or more internal secretory glands, including the pituitary and 
possibly the thymus. 

In the past year the patient has stayed in the Sseby Hospital. Here 
the blood sugar concentration was about 300 mg %, and the patient was 
given ordinary diet minus sugar, and she was treated with insulin retard, 
12 -f 6 units daily. 

As the ulcerations on her feet would not heal, the advisability of an 
amputation was considered. Before this, however, a thorough examination 
seemed desirable Avith a view to the peculiar atrophy of the bones and 
muscles in this patient. 

Physical Examination. — The peculiar appearance of the patient is con- 
spicuous at the first glance (Fig. 1). 

Although the skull is normal in form, the facial part seems small and 
poorly developed — owing to atrophy of the soft parts. The mouth is thin, 
the lips are taut, the nose sharp and pointed. The physionomy is domi- 
nated by a pair of lively eyes. The eye slit is large and the bulb protruding, 
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but undoubtedly this is merely a pseudo-cxoplilhalimis owing to atrophy of 
bones and soft parts. Thus the face has the characteristic .stamp, remind- 
ing of a bird of prey. 

The patient measures 148 cm in height and weighs only 30.0 kg. Thus 
her nutrition is far below medium, but there is no diffuse emaciation. Tlie 
trunk is fairly voluminous with a normal panniculus adiposus. The breasts 
are small, undeveloped, without any palpable glandular (issue. Tlio trunk 
on the whole is of infantile proportions. The abdomen is .somewhat pro- 
truding. In sharp contrast hereto, the arms and legs are thin, skcloton-liko 
(Figs. 2 and 3). 

The hair is thin and tousled, almost grey. The hire! and pubes are nor- 
mal. Supercilia scanty. The voice is crisp, but not hoarse. 

Her mental habitus is infantile but not really inferior. Her memory 
appears well-prescr\'od,andslie is willing to give a detailed account of her 
illness. Her behavior in the hospital is excellent. 

Subsequently the following features were noted in Imr record: 

Iridectomy has been performed for cataract of the right eye; Ihcro is 
a mature cataract of the loft eye. 

The cranial nerves arc intact. No enlargement of the thyroid. 

Throat normal. Auscultation of the heart and lungs normal. 

Abdomen rather voluminous, otherwise normal. 

The extremities are characterized by the extreme muscular atropliy, 



338 


AFcrii 1,0 r\v 



Fig. 3. 


(ho very thin bones and — for the lower cxtreniilies — complete transfor- 
mation of the skin. 

It looks as it the skin liad been pulled directly over the skeleton; the 
strength of all the muscle groups is very low. The hands with their thin 
gracile bones, the protruding tendons and the dry, scaling, atrophic skin 
look and feel like llie claws of a bird. There is free mobility in all the joints 
of the upper extremities, no sensory disturbances, and the deep reflexes 
arc present. 

On the lower extremities the changes arc really to be characterized as 
monstrous. The feet arc quite deformed as a result of the advanced atrophy 
of all the tissues (Fig. 4). They arc pointed and shrunken from the ankle to 
the toes as if from childhood they had been laced forcibly with tight bands. 
From the first to the fifth too, the toes are increasingly dwarfed, so that 
the fifth almost looks merely like a wart. Distally from the middle of the 
legs the entire skin is the site of a very pronounced sclerodermia, and 
this process is farthest advanced on the feet. Here the skin has completely 
lost its original character, becoming stiff, cracked and firmly attached to the 
underlying structures. The peculiar glistening, pink, surface with scales and 
crusts gives these feet and legs a strange appearance — as if they were made 
of crackled porcelain with pink glazing. 

Open ulcers, about 2 ^ cm in diameter, are seen over both Achilles 
tendons and on the lateral margin of the right foot. 

Wiile there is free mobility in the hip- and knee-joints, only very slight 
and shaky movements can be performed in the ankle- and toe-joints.The 
knee-jerks are normal, and no definite sensory disturbances can be demon- 
strated. 

Besides the above-mentioned changes in the skin of the extremities, 
the skin of the forehead and nose is thin and atrophic. 

X-ray Examination of the Skull: Distinct moderate wavy hyperostosis 
of tlie anterior part of the frontal bone.- The calvarium is thickened, with 
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diffuse sclerosis of the parietal part. Sella turcica uornial. Facial hones 
deficient in lime salts (Fig. 5) 

X-ray Examination of the Extremities: Large-meshed slrucluro of the 
long bones willi thinning of the corlicalis, .small areas of rareficalion here 
and there. A few small deposits of lime salts in the soft parts. 

The changes commence in the proximal part of the forearms ami a little 
proximally to the middle of the femur, increasing in intensity distally. They 
are very pronounced in the tibiae and feet, where the skeleton is extremely 
poor in lime salts. The diaphysis of the 5’ metatarsal on the right side show.s 
a rather large defect with irrcgidar edges (Fig. f»). 

X-ray Examination of the Vertebral Column: ^loderate halislerosis. 
Pelvis normal. Extensive calcification of the aorta. 

Laboratory Examinations: Henioglohin, 70 %. Color index 1.08, \V!iil(' 
blood count 11,500. Red and white blood piclnros normal. 

Standard metabolism; 98 % — 82 %. Scrum calcmin: 9:1 mg %. Serum 
phosphorus; 3.67 mg %. Scrum phosphatase; 299 units. 

Fasting blood sugar: 218 mg % — 161 mg %. 

Glycosuria: On admission, 0.7 %; later, 0. 

Diacctic acid/acetonc; On admission, 4-/0; later O/o, 

Spinal fluid; Cells 0/3; albumin 7; globulin 0. 

Wassermann in blood and spinal fluid negative. 

Electrocardiogram normal. Blood pressure; lCO/90— 170/80— M0/7(l. 
Hormonal analysis: Gonadotropic hormone 30 R.U. per dav 
Eslrin 20 M.U. ^ ’ 

Testicular hormone 0 CCU. 

Eye Examination: Secondary cataract of llm right eye. Hlalurc cataract. 


Laryngoscopy: Cartilaginous skeleton very protruding, espociallv in 
ajtaenoid region, o^ying to atrophy of the suhmucosa and muc,;sa 
sclerodermic changes m the vocal cords, which arc freelv movable ' ‘ 
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Gynecological Examination: Uterus small; otherwise no anomaly. 
Epicrisis; The patient is a woman, 43 years old, who began to emaciate 
at the age of 5 years, and at the same time her growth began to be retarded. 
Her development is partially arrested, and she becomes somewhat infan- 
tile physicdly and mentally. All the tissues of the extremities undergo 
atrophy, especially the muscular and adipose tissue, but also the bones. Tlic 
muscular power is minimum. Sexual maturity normal. The hair of the pati- 
ent begins to get grey early. From the age of 27, sclerodermia develops on 
the feet'and legs which subsequently become the site of ulceration and sup- 
puration. 

From the age of 35 — 36 the vision is failing, and cataract appears, first 
on the right eye, later on the left. 

At the age of 38 the presence of diabetes and frontal hyperostosis is 
ascertained. 

Present Positive Findings: Grey hair, but infantilism, mental and 
physical; 

almost complete atrophy^ of the musculature of the extremities; 
distinct frontal hyperostosis and pronounced halisteresis of the distal 
bones of the extremities and of the facial bones; 

monstrous sclerodermic changes in the skin of the feet and legs, and 
atrophy of the skin of the face and hands; 
bilateral cortical cataract; 
atrophy of the laryngeal mucosa; 
blood sugar concentration of alrout 200 mg % 
serum phosphatase 299 units (Lundsleen and Vermehren u.) 
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Fig. G. 


Discussion. 

This peculiar mosaic of symptoms and findings forms a noso- 
graphic picture that has been described in tlie literature under 
the name Rothmund’s disease. In 1868 Rothmund noticed as the 
first this strange combination of cataract and skin lesion in a boy, 
5 years old and in 3 other children in the same family, and gave a 
detailed description of his findings in a paper entitled: »t)ber 
Cataracten in Verbindung mit einer eigentliiimlichen Hautdegene- 
rationi). 

Only few cases of this Idnd have been observ^cd since. In 1930 
Mamou collected 30 cases from the literature, and the latest account 
accessible to me reckons with a total of 32 cases (Agatston & 
Gartner, 1939). 

Oppenheimer & Kugel (1934) point out that there is no resem- 
blance between the cases reported by Rothmund and the cases 
subsequently described in the literature, and they raise doubt as 
to whether it be the same disease at all. 

What Rothmund described is a »Marmorierung der Hauls, 
22 — Ada med. Scandinavica. Vol. CXXI. 
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appearing in the form of delicate red lines and a diffuse reddish 
color already in the very first years of life, which develops into a 
marked stria formation, resembling that of pregnancy !>so sehr, dass 
sich der Leser kaum durch irgend ein Objekt unseres Affektion so 
vergegenwartigen kann als eben durch den Bauch einer Mehige- 
barendeni). A little later, though as early as in the 4’ — 5’ year cata- 
ract develops, but otherwise »zeigen sich die Kinder von guter gei- 
stiger und korperlicher Entwickelung, ausser Auge und Haul ist 
kein Organ des Korpers als erkrankte nachzinveisen.)) 

There is a distinct difference between this description and the 
one given by Werner (1904) and subsequently by several other 
authors (Barbot, 1925; Krebs, Hartmann & Thiebaut, 1930; Sezary, 
Favory & Mamou, 1930). In this nosographic picture, which might 
be designated as oWerner’s syndrome*, the cardinal symptoms 
are: marked emaciation with defective physical development, bi- 
lateral cataract and sclerodermia (not the stria formation mentioned 
by Rothmund) and early greyness of the hair, sometimes baldness. 

Common to the tw'o clinical pictures is the peculiar combina- 
tion of cataract and skin lesion. An explanation of the discrepancy 
may be found perhaps in the fact that the patients observed by 
Rothmund W'ere all children from 3 to 12 years old, so thati may 
be that in their cases the disease had not reached its complete mani- 
festation. 

In his »K]jnisk Endokrinologi», whicli often is very instructive 
rvhen yve are faced by the multitude of endocrine lesions, Herman 
Nielsen mentions also the symptomatology of this disease (vol. 
III). 

Tire disease may manifest itself at any age although it com- 
mences preferably in childhood and in youth. Long before the ap- 
pearance of the cataract and sclerodermia — which since Roth- 
mund’s report stand out as the signal features of the syndrome 
the premature greyness of the hair may turn out, even as early as 
at the age of 8 years (Oppenheimer & Kugel). Also the emaciation is 
nn early symptom. 

The cataract is always bilateral and cortical and )>in this it 
resembles not only the tetanic but also other endocrine cataracts 
as encountered in acromegaly, diabetes insipidus, diabetes mellitns, 
etc.» (Herman Nielsen). 
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The sclerodermia alters the sldn in a typical inanncf- hnoAvn from 
other lesions in which it is found as a symptom. Tlie skin becomes 
atrophic, adherent to the underlying structures, hard, stiff and 
rough; but the refractory suppurations and ulcerations make it 
differ from other forms of sclerodermia. In some case.s, as in the 
one presented here, poildlodermia is predominant with variegated 
pigmentation, teleangiectases, and keratotic flalces. 

A characteristic feature of the disease is the synchronicity of 
infantile and juvenile features indicating an arrest of development 
and other symptoms as greyness, of the hair, depo.siling of lime 
salts in the vascular walls and atrophy of tissues, criteria of a pre- 
mature senility, which at a first glance may be suggestive of proge- 
ria or Simmonds’ syndrome. 

It should be noted that in practically all the cases reported 
consanguinity and hereditar}^ disposition have been pronounced 
features of the family history. Even Rothmund called attention to 
these features. 4 of his cases were found among the children of two 
families in which fathers and mothers were brothers and sisters. 
The 4 cases reported by Werner were- found in one family. Other 
authors have reported that, besides the fully developed case, they 
had found other members of the family to present some isolated 
manifestation of the disease. 


As mentioned in the case history our case appears to have 
been the only one of its land in the family of the patient. With the 
kind assistance of Dr. V. Asschenfeld-Hansen I have obtained the 
information that 5 liAung sibs of the patient are healthy. They 
commenced to become grey-haired at the age of 40. There is no 
case of cataract or sldn lesion in the family, nor any endocrine 
affection, nenmus lesion, obesity, muscular impairment or other 

affection of the muscles — that is, an altogether negative familv 
history. ^ 


As to the pathogenesis of the disease, several speculative 
hypotheses have been advanced. Rothmund thought the lesion- 
involved a congenital anlage in the two organs, the skin and the 

(1934) thnk that the cataract aad the skin and l.air changes arc 
suggestive of a defect in the ectodermal anlage 

Some authors look upon the lesion as an endocrine . 
parathyroid dysfunction (Mamou), pituitary affection (k'on Arady).' 
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As yet the foundation for the hypothesis about the parathyroid 
dysfunction is very slight. In a few cases the values obtained for 
serum calcium have been high, and in 1 case the authors (Oppen- 
heimer & Kugel) found a negative calcium balance. A pronounced 
change in the calcium metabolism is evident in our case, however, 
in which we meet with sclerosis of the skull as well as pronounced 
halisteresis of the long bones, marked deposits of lime salts in the 
aorta and in the soft parts and extreme calcification of the aorta. 

The features which in our case are directly suggestive of an endo- 
crine disturbance as the cause of the lesion are found in the pecu- 
liar appearance of the patient, characterized by disturbances of 
the growth and development. This assumption finds support in the 
occurrence of cases which in addition have presented diabetes or 
a goiter with signs of hyperthyroidism. 

In the case here presented we meet Avith diabetes mellitus, 
which was discovered rather late, at the. age of 38. It has been 
rather severe, as is evidenced from the large dose of insulin 
required and from the acidosis demonstrated; still, it has been 
benign in its course insofar as it has not given rise to any attack 
of coma. 

The frontal hyperostosis encountered in our patient is a finding 
the symptomatic value of which is still disputed, although gradu- 
ally the majority of authors consider it to be of pituitary origin 
Bartelheimer (1939). 

Mortimer (1938) has reported some extensive studies on dys- 
plasia of the skull, based partly on experiments with hypophysecto- 
mized animals, partly on nearly 3000 roentgenograms of the skull 
of patients and in these he found a cranial type characterized by 
pronounced sclerosis of the calvarium, exostosis formation in the 
frontal part and infantile proportions — the same changes as en- 
countered in the present case. In these patients Mortimer found 
signs of pituitary d 3 "sfunction; most of the patients were women 
with obesity, but all the patients who showed a pronounced hypo- 
plasia of the skull were dwarfs. A similar cranial sclerosis could be 
produced in hj’^pophysectomized rats and dogs by protracted 
administration of an alkaline pituitary extract. On the basis of 
these findings hlortimer thinks that sclerosis of the skull signifies a 
hypofunction of the pituitarj' gland. 

Thus several findings are suggestive of an endocrine distur- 
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bance, perhaps a pituitary affection as the cause of the lesion, 
namely: cataract, infantilism, diabetes mellitus and frontal hy- 
perostosis. 

But, other features in the clinical picture presented by our 
patient point in another direction. Sclerodermia with ulceration, 
muscular atrophy, halisteresis of the long bones and depositing of 
lime salts in the soft parts are findings encountered as cardinal 
symptoms in several lesions: dermatomyositis, poikilodermato- 
myositis, and universal calcinosis. 

For the present we have arrived at the clinical result that the 
present case of Rothmund-Werner’s disease may be placed in 
relation to both the endocrine, especially pituitary, lesions and 
to the ssclerodermic groupo, as it presents a combination of sym- 
ptoms of both kinds. The cpiestion then suggests itself whether 
there may be a causal connection between the two groups too. 
With our present, very limited, knowledge about the pathology of 
these diseases, however, this question will still have to be left 
open. 


Summary. 

A case of Rothraund-Werner’s disease is reported. Up until 
1939 only 32 cases of this disease have been published (Agatston 
& Gartner). 

The patient is a woman, aged 43, and the disease commenced at 
the age of 5 years with gradual emaciation and airest of develop- 
ment. The patient has remained infantile physically and mentally 
— except for the sexual maturity which is normal. 

There is pronounced atrophy of the muscular, adipose and 
osseous tissues of the extremities, also pronounced halisteresis. At 
the same time, there are extensive areas of calcification in the 
aorta and small deposits of lime salts in the muscles. 

The hair of the patient turned grey at an early age. 

At the age of 27, sclerodermia began to appear on the feet and 
legs, with subsequent characteristic chronic ulceration and suppu- 
ration. At the age of 35—36 years, cataract appeared, first in the 
right eye, later in the left. 

At the age of 38, a rather severe degi'ee of diabetes mellitus was 
ascertained, together with distinct frontal hyperostoses. 
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This case is the only one of its land in the family of the pati'ent, 
and isolated manifestations of the individual symptoms of the 
syndrome have not occurred in any members of the family. 
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The pathoph 5 'Siology of the th 3 Toid gland ha.s long been a subject 
of great interest. The goiter problem has been studied tlioroughlj* 
and some of its aspects liave been clearly established but man\' 
questions are still left openas, for instance, the etiology of hyper- 
tltyroidism. For none of the rather numerous theories advanced so 
far has proved adequate. 

It is generally recognized that the direct cause of simple goiter 
is absolute or relative iodine deficiency. Under this condition the 
tbjToid becomes hyperplastic in its attempt to produce IhjTOxin. 
Marine (1) (1931) states that the significance of the food elements 
as a strumogenic factor lias long been recognized: a diet of swine 
liver alone may produce goiter in salmon, and excessive supjily of 
oil-cakes gives goiter in cattle. In 1928 Chosnej', Clawson & Webs- 
ter (2) showed that a typical parenclij^matous goiter develops in 
rabbits kept on a diet consisting almost exclusively' of cabbage; 
and this observation was confirmed by' Spence, Walker & Scowen (3) 

1 Read before tlie DanLsli Society for Internal Medicine on Mav ^1, 1944. 

I wish here to acknowledge my indeblcdnc.ss lo the chiefs of tlie inedicnlancl 
surgical dep.artraents of the Copenhagen County Hospital, Gcnloflc — Professor 
Poul Morvillc, Dr. E. Rosling, Dr. M, Siggnard Andersen, Dr. 0. KapcI, Dr. 
♦ iUY , — tor their permission to treat patients admitted 

to tlieir departments and for their unbiased view concerning this Irealmcnl. 
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in 1932. Marine (1) states that press-cake of cabbage, from which 
60 % of the juice has been pressed, has a strumogenic effect far 
greater than that of untreated cabbage. According to Webster (4) 
(1932), the effect of the factor here involved is considerably stron- 
ger than that of iodine deficiency, the strumogenic effect of the 
cabbage being entirely independent of the iodine content. Also other 
plants belonging to the same group (the brassica family) have the 
same effect, and rats react in this respect like rabbits (Hercus & 
Purves (5), Kennedy & Purves (6). The changes in the thyroid are 
described as diffuse parenchymatous goiter, bringing about an in- 
creasing enlargement of the gland with hyperplasia of the paren- 
chyma and loss of the colloid substance. 

Several theories have been put forth to explain this particular 
effect on the th 3 Toid, but no real advance towards an understand- 
ing of the mechanism here involved was made till 1941 when 
Griesbach (7) was able to explain coincidental histological changes 
in the anterior hypophysis, and Griesbach, Kennedy & Purves (8) 
showed that the strumogenic effect was dependent on the presence 
of the hypophysis. 

Through experiments on rats with sulfaguanidine as intestinal 
disinfectant, Mackenzie, Mackenzie & McCollum (9) (1941) were 
able to demonstrate that also this substance has a strumogenic 
effect, giving similar changes in the thyroid as described above. 
These investigations were soon extended and Richter & Clisby (10) 
showed that also other sulphur compounds (phenylthiourea) had 
a similar effect. Independently of these investigations, Kennedy (11) 
found something similar for allylthiourea, as his findings made it 
probable that a derivative of thiourea was the strumogenic factor 
in rapeseed. After this, Astwood (12) (1943) examined the strumo- 
genic effect and toxic action of 106 chemical compounds, including 
sulfanilamide and its derivatives. He emphasized that in particular 
two groups of substances — derivatives of thiourea and certain 
derivatives of aniline — had a strumogenic effect. The outcome 
of these studies was that thiourea and thiouracil (2-thio-6-oxypyi'i" 
mi dine) were the most effective and at the same time only slightly 
toxic. (For thiouracil the lethal dose was more than 100 times 
greater than the effective dose.) 

Administration of thiourea or thiouracil to rats results in hyper- 
plasia of the thyroid and a state of hypothyroidism with decrease 
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in the metabolism. Administration of iodine docs not prevent tins 
effect, whereas thjToxin prevents it. In beeping with this, it may be 
mentioned that administration of thiouracil to myxocdematoiis 
patients who at the same time are treated with dried thjToid sub- 
stance does not prevent the increase in metabolism [Williams & 
Bissell (13)]. 

As mentioned, the histological picture of the enlarged tlixToid 
shows glandular hyperplasia together wdlh loss of colloid and 
resembles the histological picture encountered in thyrotoxicosis in 
man. Investigations reported by Marine (14) (1935) show, however, 
that this histological picture need not necessarily signify thxTotoxi- 
cosis; it may just as well mean that failure of the production of thy- 
roid hormone has given rise to a compensatory increase in the out- 
put of th}TOtropic hormone from the anterior pituitarj'. 

The mode of action of the strumogcnic substances lias not 
been established clearl}' yet but that the point of the attack falls 
within the synthesis of thjTOxin is evident from the following facts: 


1. Thiourea and thiouracil given to rats produce goiter i- 
hypothyroidism. 

2. This effect is not prevented by administration of iodine. 

3. On the other hand, this effect is prevented by simultaneous 

administration of thpoxin. ■ - 

4. No goiter appears in hypophysectomized rats, but hypo- 
thyroidism develops. 


In attempts to disclose the true mode of action of these sub- 
stances, several investigators have employed radioactive tagged 
iodine in their experiments in vitro, and in this way they have been 
able to demonstrate that thiourea and many other thiocompounds 
have an inhibitory effect on the transformation of inorganic iodine 
to diiodotyrosin as well as to thyroxin [c.g., Franklin & Chaikoff 
(15—16) (1943, 1944), Keston, Goldsmith, Gordon & Cliaripper (17) 
(1944), Schachner, Franklin & Chaikoff (18) (1944)]. It is empha- 
sized that the inhibitory effect (of sulfanilamide) is dependent on the 
concentration of the substance. In keeping with this, Campbell, 
Landgrebe & Morgan (19) . state that thiourea has a particular che- 
nncal affinity for iodine forming formamidinc-disulphidc-hydroio- 
dide and thus preventing the synthesis of diiodotyrosin and 
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The substances mentioned (thiourea, thiouracil, etc.) appear not 
to occur in the organism under normal conditions, and an anti- 
thyroid effect of the land mentioned appears not to play any role 
in the hormonal function of the normal thyroid gland. On the other 
hand. Carter, Mann & Jenluns (20) (1943) have demonstrated 
that paraxanthin (1 — ^7-dimethylxanthin), which has an antithyroid 
effect, under normal conditions plays a role in the thyroid func- 
tion in rats. In ox plasma the authors found the concentration 
of this substance to be 0.2 — 0.6 mg per cm^. This substance is 
able to inhibit the effect of thyroxine on a frog’s heart; when 
given in optimal doses per os it is able to lower the basal 
metabolism in rats. Its effect depends decisively upon the pro- 
portion between this substance and thyroxine. The authors have 
found that for any given thyroxine concentration there is an opti- 
mal paraxanthine concentration which has a completely neutrali- 
zing effect; and they think that the metabolic rate in an animal 
is controlled by the proportion of thyroxine-paraxanthine. With 
balance in this proportion the metabolic rate will be low; an increase 
in either factor — from this state of balance — will increase the 
metabolism. Still the authors would not venture to advance the 
theory that variations in the paraxanthine content of normal ani- 
mals is iitilized by the organism for control of the metabolism. 

From' the observations cited and from theoretical considera- 
tions concerning the action of the strumogenic substances it 
seemed obvious to try the clinical employment of these substances 
in dealing with conditions of hyperthyroidism. 

Astwood (12) who was the first to employ these substances in 
the treatment of patients suffering from thyrotoxicosis, states 
that here as well as in animal experiments it requires a certain 
latent period before a decrease in metabolism and the effect on 
the thyrotoxic symptoms appear. This latent period is due to the 
amount of thyroid hormone already formed and stored in the 
gland that has to be used up before the given substances may exert 
their effect. He emphasizes that it is a well-known fact that the 
reserve content of thyroid hormone is markedly reduced in hyper- 
plastic thyroid glands, whereas a normal thyroid contains hor- 
mone sufficient to supply the organism for 1 — 3 months (man). 
In keeping with this, we found a latent period of 10 — 14 days in 
3 patients with hyperthyroidism, whereas in 4 subjects with no 
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:sign of hyperlliyroidism he found no effect on the metabolism 

after such treatment for 2 — 4 Nvecks. 

Wlien various authors claim that the strumogenic substances 
have no effect on guinea-pig, the explanation of this vill undoubt- 
edly be that guinea-pigs vnth their histologically very inactive 
thjToid possess a rather large reserve stock of thyroid hormone 
at the same time as their consumption of it is relatively slight, 
and hence such experiments on guinea-pigs will have to be very 
protracted. 

Astwood (12) found the effect of this treatment in cases of 
hyperthyroidism to be as follows: the thyrotoxic sjTTiploms sub- 
side and the metabolism and serum cholesterol concentration 
return to normal levels. Subsequently, various papers have been 
published in rapid succession on the effcctivity of thiourea and thio- 
uracil in cases of hyperthyroidism \c.g., Himsworth (21), Williams 
& Bissell (13) Frisk (22), Newman, Rienhoff & Rich (23)]. The 
results have been fairly uniform, consistent with those obtained 
by Astwood (12). Still, thiouracil appears to be superior to thiourea. 

All told, the results appear very promising as to future treat- 
ment of thyrotoxicosis. Himsworth (21) even says that the results 
are so excellent that it seems safe to state that in these substances 
we have obtained therapeutically effective remedies for the treat- 
ment of thyrotoxicosis that arc superior to anything available 
hitherto. 

It soon turned out, however, that in many patients this treat- 
ment also had an untoward effect. Thus Astwood (12) found a tran- 
sitory condition of agranulocytosis in a patient treated with thiou- 
racil. Newcomb & Deane (24) have given an account of a case in 
which a severe degree of thrombopenia appeared under the treat- 
ment with thiourea. Welshman (25) treated 2 thp'otoxicosis pati- 
ents with thiouracil and found leukopenia in both cases. In The 
Royal Society of Medicine, Himsworth (26) presented his results in 
32 patients treated with thiourea and thiouracil; leukopenia devel- 
oped in 2 of them, fatal agranulocytosis in 1; he di.stinguishcs very 
sharply between overdosage of the remedy and idiosyncrasy. Of 
other, fairly frequent, by-effects mention is to be made of rise in 
temperature, nausea and vomiting (especially in thiourea therapy), 
skin eruption and increase in serum cholesterol to values over the 
normal limit [e.g., Astwood (12), Himsworth (21), Johnson (27)]. 
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Fig. Ic. 


Fig. 1 d. 

Fig. i. Scclions from lliyroid gl.Tiids of r.ils. 
a, normal rat. b, rat treated wilJi tliiourea: 20 mg daily for 14 days, c, rat 
treated TAith thiouracil; 20 mg. d.aily for 14 days, d, rat treated Avilli melhyl- 
tUiouracil: 10 mg daily for 15 day.s. 

Experimental Studies. 

As a detailed account of my experimental studies will be given 
in a subsequent work, it will suffice here merely to mention a few 
outstanding points. 

In determination of the minimal lethal dose the remedies were 
injected intra peritoneally on males rats, 6 months old, on two 
successive days (the easily soluble thiourea in aqueous solution, 
the nearly insoluble thiouracil in watery suspension). These experi- 
ments gave the following result: 

Minimal lethal dose for thiourea: 1—2 mg, 

• » » » thiouracil: 375 mg. 
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Fig. 2. iMale rat, 6 montiis old, treated with thiouracil and methylthiouracil 

for 15 days. 


Further, it was found that Yvhen thiourea was given by stomach 
tube in a dose of 10 mg a good many of the rats died in from some 
minutes to 6 hours after ingestion of this substance. On autopsy no 
mechanical injury was found to explain the death of these animals, 
whereas they all showed pronounced oedema of the lungs and 
marked bilateral hydrothorax. This is quite in keeping with the find- 
ings reported by Fraenkel (29): that a derivative of thiourea — 
allylthiourea — in animals produces anesthesia and death from pul- 
monary oedema and hydrothorax. 

As the experimental studies further show that the strumogenic 
effect of thiourea in rat is less than that of thiouracil (Fig. 1), 1 
have not tried at all to employ thiourea for therapeutic purposes, 
only thiouracil. 

However, experimental biological studies on various substances 
closely related to thiouracil gave the result that in rats the strumo- 
genic effect of melhyUhiouracil is considerably greater than that oi 
thiouracil (see Figs. 2 and 3) and that the toxicity of this substance 
does not differ very much from that of thiouracil (minimal lethai 
dose for methylthiouracil: 325 mg), on which account I have alsc 
tried its employment in the clinic. A detailed account of the clinicaj 
results obtained with this substance will be given in a subsequenl 
paper, which also will bring an attempt at a comparative estimate 
of the therapeutic effect of thiouracil and methylthiouracil 
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Fig. 3. Male ral, G months old, treated with 10 ing thioiiracil and 5 mg nicthyl- 

thioiiracil dailv. 


As the oiilconic of llie biological cxjierimcnts it is to be men- 
tioned lliat they gave no result that might be lakcii to constitute an 
objection to the therapeutic employment of thiouracil and melhyl- 
thiouracil in thyrotoxicosis, vherens lliiourca appears to be far less 
suitable for this purpose. Further, a slrumogcnic effect lias been 
demonstrated for several other, more or less near-related, substan- 
ces, among the more effective of Nvhich the following arc to be men- 
tioned; 

4.5-dimcthylthiouracil (2-thio-G-oxy-4.5-djmelhylpvrimidin), 

4-methyl-5-ethylthiouracil (2-thio-6-oxy-4-me11iyl-5-elhyIpyri- 
midin), 

4-phenylthiouracil (2-lhio-6-oxy-4-pheny]pyrimidin). 

Of these substances, phenylthiouracil proved to have the stron- 
gest strumogenic effect, and its toxicity was found to be very low 
(minimal lethal dose: 400 mg), on which account its clinical employ- 
ment was tried too — in a case of moderate thyrotoxicosis. As will 
be shown in the following paper, however, the outcome of this exper- 
iment did not encourage to further therapeutic employment of 
the substance even though it by no means was ineffective clinically. 

Clinical Material. 

In the medical and surgical departments of the Copenhagen 
County Hospital, Gentofte, since February 1944 altogether 12 thv- 
rotoxicosis patients have been treated with thiouracil, and 28 
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with melhyitliiouracil. In the following paper an account will be 
given of the results obtained with methylthiouracil. 

Of the 12 patients treated with thiouracil 9 had exophthalmic 
goiter, 1 thyrotoxic adenoma. 2 hyperthyroidism. 

Of these patients 11 were women, 1 man. Their age varied 
from 31 to 69 years. 

The average period of treatment for 6 of these 12 patients is 
now 288 days. 4 patients were submitted to operation after re- 
spectively 19, 53, 67 and 279 days of treatment with thiouracil. 
In 2 cases the thiouracil therapy was discontinued after respec- 
tively 30 and 157 days, whereafter the patients were given X-ray 
treatment. 

For the sake of space, with the exception of two instances, the 
individual case histories will not be cited here in detail. As a matter 
of fact, the anamnestic data on the patients include no features 
of particular interest. 

Grouping of ihe Patients. 

A. In 2 cases the treatment with thiouracil was partly or com- 
pletely ineffective. 

1. Woman, aged 63. Diagnosis: Hyperthyroidism; Mitral 
stenosis (compensated); Nervousness. Metabolism: -f- 20., Treat- 
ment with tliiouracil — 20 eg X 6 daily — for 1 month gave no 
change in the metaboUsm, and the fairly mild thyrotoxic symptoms 
remained unchanged. After this, the administration of thiouracil 
was discontinued, and X-ray tveatment was given. Half a year 
later, the thyrotoxic symptoms had subsided somewhat, but the 
metabolism was still + 20. 

2. Woman, aged 68. Diagnosis: Hj^’perthyroidism; Angina pec- 
toris; Nervousness, Metabolism: + 34. The patient was treated with 
thiouracil for 157 days — 20 eg x 6 daily, decreasing to 20 eg x4 
daily. Under this treatment her condition improved periodically, 
when the thyrotoxic symptoms subsided partially, and the meta- 
bolism fell to 100. But the symptoms reappeared, and the meta- 
bolism rose again to about -f- 20. As this happened repeatedly, 
and the treatment on the whole had no decisive effect, the thiouracil 
therapy was discontinued, and X-ray treatment was given. 

B. In 8 patients the thiouracil therapy had a decisive effect on 
the state of thyrotoxicosis [7 patients with exophthalmic goiter, 1 
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Fig. 4. 'Weight and metabolism cun'cs for 7 lliyrotoxicosis patients treated 

will! tliiouradl. 


with hyperthyroidism (nodular goiter)]: the thyrotoxic symptoms 
subsided, the pulse rate fell to a normal level, the metabolism too, 
and the patients gained in weight (Fig. 4). 

Of these 8 patients 2 were operated on, with good result. The 
remaining 6 patients are still under ambulatory treatment with thiou- 
racil in small doses — after an average of 40.8 days’ treatment with 
this remedy in the hospital. For the sake of control, at intervals of 
3—8 weeks the patients are readmitted to the hospital for one day. 
In one of these cases, however, the thiouracil medication had to be 
discontinued because of an intense rash and oedema of the skin; 
but a few weeks later this patient tolerated methylthiouracil very 
well. The therapeutic results are still to be looked upon as satisfac- 
tory: the patients arc able to work and apparently free from tlnTO- 
toxic symptoms. 

In one of these cases (Fig. 5), after the metabolism had fallen 
to —12, the weight had increased and the thjTotoxic complaints 
disappeared, the thiouracil therapy was discontinued tentatively, 
hen the metabolism increased again, the weight fell off, and the 
Scandinavica. Vol. CXXI. 
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Fig. 5. Weight and metabolism curves for one of the patients under discon- 
tinuous treatment with tliiouracil. 

thyrotoxic symptoms reappeared. Under renewed treatment 
the condition of the patient became good again, but the same 
story repeated itself when the remedy was discontinued once 
more. 

C. The following 2 cases require particular mention: 

1 . Man, aged 63. Past history essentially negative. He had had 
a large goiter for about 10 years,- but it had never inconvenienced 
him till lately. During the last 2 months before admission he had 
increasing thyrotoxic complaints. He entered .the hospital on Feb- 
ruary 1, 1944. For 6 weeks he was treated with iodine and diiodo- 
tyrosine (Fig. 6) but without any effect: the metabolism kept at a 
level between -f50 and -1-60, and the thjTOtoxic symptoms re- 
mained unchanged. Then the iodine therapy Avas discontinued, and 
treatment with thiouracil Avas instituted. This was followed prompt- 
ly by an intense acute aggravation of his condition: the rate of me- 
tabolism rose, the weight fell off, and the thyrotoxic features be- 
came pronounced, with weakness, tiredness, sweating and fre- 
quent diarrhea. The pulse rate, on the other hand, kept fairly con- 
stant, 70 — 80; the heart action became irregular, of the perpetua 
type. As the metabolism under continued treatment decreased but 
slowly, the thiouracil dose was increased — with the result that the 
metabolism rose again, and the state of the patient was further 
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Fig. G, Weighl and mefabolisrn curves for a male palienl willi thyrotoxicosis, 
treated svilh iodine and thiouracil. 



aggravated. When now the thiouracil dose was decreased and 
iodine was given at the same lime, a complclc change look place in 
tJie patient; there was a great fall in the metabolism, the weight 
increased, and tlic tliyrotoxic .symptoms .stibsidecl slowly. After 
this, operative treatment was carried through without any difficult y. 

2. Woman, aged 40. Past history essentially negative. Her 
thyroid affection commenced in July J942 with rapidly progressing 
tliyrotoxic symptoms. She was admitted to the hospital in July 
1942. Protracted treatment with iodine and sedatives did not im- 
prove her eondition, and the metabolism rose to a level between 
+ 80 and + 100. On this account, as a last resort, an allcmpl was 
made at thymectomy (no thymus tissue xvas found) with llic result 
that a violent thyrotoxic crisis set in. The patient was given varyincr 
doses of lodmc for a total of 14 months, interrupted only by two 
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pauses of 12 and 42 days respectively. No therapeutic measure 
had any effect. Among other things, for a long time she was given 
large doses of vitamin A (40,000—80,000 I.U. daily) and also 
vitamin Bj and B_, (Becoplex, 2 cm^ daily). In addition, for 29 days 
she received large doses of estrin (Ovex, 50,000 I.U. daily). Finally, 
X-ray treatment ^Yas tried too. 

The condition of the patient persisted in being so poorly that 
operative treatment seemed too risky. Gradually, with the conti- 
nuous thyrotoxicosis, she became extremely emaciated, completely 
cachectic (see Fig. 7). The subcutaneous tissue became leathery, 
thick and stiff; contractures of the lower extremities appeared; and 
the weight fell to 36 kg (weight on admission, 55 kg). 

In tliis course of her illness the patient had a few better periods, 
but at no time was she able to stand an operation. The metabolism 
kept almost constantly between + 50 and + 100. Gradually there 
appeared a pronounced dilatation of tile heart, auricular fibrilla- 
tion, cardiac insufficiency with hydrothorax, enlargement of the 
liver, and oedemas. 

In January 1944 the rate of metabolism was -{- 37 and + 44, 
the low'est level observed so far. In this period there was also an 
improvement of the general condition of the patient, but in February 
the metabolism rose again to a level above 50 %. On February 
26, 1944 administration of thiouracil was commenced (see Fig. 8), 
and this was followed immediately by a considerable aggravation 
of her condition. The patient seemed almost moribund. Still, this 
treatment wms continued, and after about a week of it, the condi- 
tion of the patient began to improve. This improvement has con- 
tinued since, leading to an almost miraculous change in the state 
of the patient (see Fig. 7); the thjTotoxic symptoms disappeared, 
the marked exophthalmus subsided greatly, the w’eight increased 
from 36 to 56 kg and the metabolism showed a steadily decreasing 
tendency (see Fig. 8). The contractures relaxed, and the patient 
got up on June 10, 1944, feeling well and being able to walk about 
■with the aid of a cane. Then she was discharged from the hospi- 
tal, but readmitted 9 w^eeks later for the sake of operative treat- 
ment. In a following paper the operative result will be discussed 
in detail; here it will suffice to mention that the patient did not 
react at all to the operation: the pulse rate did not rise above /6 
after the operation, and the temperature not above 38 . 
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Fig. 7 a. 
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The therapeutic result in the last-mentioned case needs no 
comment. It speaks for itself, and it shows that in thiouracil we 
have a remedj’^ which, in cases of IhjToloxicosis that prove refrac- 
tory to any other form of treatment, is of decisive — nay, life-saving 
— importance. 

A feature common to the 2 last-mentioned cases is that both 
patients were treated with iodine and both reacted to the institution 
of tliiouracil therapy with an acute aggravation of their condition. 
The significance of the iodine treatment in connection with thiouracil 
and methylthiouracil therapy •wdll be discussed in a following paper. 

Dosage. 

In all the present cases the initial dose has been 1.2 g thiouracil 
daily — 1 tablet of 20 cm^ x 6 daily. In a few cases the dose was 
increased subsequently to 1.6 g daily, which has to be looked 
upon as a rather large dose. The daily dose is decreased as the 
thyrotoxic symptoms subside and the pulse rate and metabolism 
return to normal values. The maintenance dose employed in these 
cases has been 1 or 2 tablets daily, or 1 tablet every 2 3 days, 
depending on the requirement of the individual patient. 

It may be appropriate here to repeat that we consider methjd- 
thiouracil more serviceable than thiouracil in the treatment of 
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thyrotoxicosis, on Avhich account we now use this remedy exclu- 
sively when the -treatment of new patients is instituted. For this 
reason the dosage of methyllhiouracil will be dealt with in the 
following paper. 

Untoward Effects. 

As mentioned already, several authors have observed severe b\- 
effects from this treatment which in some cases have resulted 
in the death of the patient. In contrast hereto, in our material there 
have been no serious by-effects whatever, although we have em- 
ployed essentiallj' thesame dosageas is given in tlic foreign literature. 
It is to be emphasized that in one case (sec Fig. 8) we employed 
a large dosage — 1.6 g daily for 13 weeks — without seeing any 
suggestion of untoward effects. The incidence and character of 
by-effects observed have been as follows: 

Bij-cffccts jVo. of patients 

Transitorj' nausea 1 

Bitter taste in the mouth 1 

Transitory rise in temperature 2 

Rash -f oedema of the skin 2 


Laboratory Examinations. 

At the same time as the patients have been under close obser- 
vation with a view to the possible occurrence of untoward effects, 
each patient was submitted fairly regularly to various examinations 
in order to see whether a protracted administration of the remedy 
might disturb the internal milieu of the organism in other respects. 
Possibly the inliibitory effect of Ihiouracil on the synthesis of 
th^TOxin is of anti-enzymotic nature (30). As yet, however, it is 
impracticable to say whether this effect is specific ns to the synthe- 
sis of thyroxin, although several things point in that direction. 

Urine: Albumin has not been demonstrated in the urine under 
this treatment. 


Hemoglobin %: No abnormal deviations. 

Sedimentation Rale: No abnormal deviations. 

Differential Count: Of the 12 patients 7 showed a brief relative 
lymphocytosis. 4 patients showed a more protracted relative 
lymphocytosis, but this subsided too. The granulocyte count was 
never found to be less than 1000 per mm^ 
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Fig. 9. White blood counts under treatment with thiouracil (12 patients). 
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Fig. *10. Thrombocyte counts under treatment with thiouracil (12 patients). 


Sternal Puncture: This was performed on altogether 5 patients 
after 1 — 2 months of treatment. The examination of the punctateSj 
obligingly performed by Dr. A. Soeborg-Ohlsen, Chief Patholo- 
gist^ showed an increased activity in the erythrocytic or leucocytic 
system, or in both, but otherwise no abnormality. 

White Blood Count, see Fig. 9. 

Thrombocyte Count, see Fig. 10. 

Fasting Blood Sugar Concentration, see Fig. 11. 

Blood Urea, see Fig. 12. 

Serum Calcium, see Fig. 13. 

Serum Cholesterol, see Fig. 14. 

Only the serum calcium and serum cholesterol determinations 
give rise to any comment. Fig. 13 illustrates that the values for 
serum calcium after 10 weeks’ treatment with thiouracil show a 
rather considerable dispersion; several values lie at a level of about 
8.5 mg %, and 3 patients show low values (< 8). In one of these 
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cases the thiouracil therapy was di.scoiilimtcd at litis point of 
time; in the other two patients the values rose later on. Even 
though no definite clinical symploms of hypocalcemia were found 
in the patients, it cannot be excluded that thiouracil may have 
some effect on the parathyroid glands, on the production of the 
parathormone. This question is now being investigated more thor- 
oughly. 


Fig. 14 confirms the statement made by other authors: that 
the serum cholesterol concentration, which often is very low in 
patients with thyrotoxicosis, increases under the treatment with 
thiouracil. Only a few determinations of this hind have been made 
It IS true, but the values obtained appear to indicate that this 

trlnsitor^""'' normal _ is merely 
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Fig. 13. Serum calcium determinations under treatment ■with thiouracil 

(11 patients). 
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Fig. 14. Serum cholesterol determinations under treatment ■with thiouracil 

(7 patients). 


Size of the Goiter: In addition, by measuring regularly the cir- 
cumference of the neck of the patients "we have tried to estimate 
roughly whether the treatment with thiouracil brought about any 
change in the size of the goiter present. Although this form of 
examination is very rough it still gives a hint in this respect. 

Of 7 patients examined, 

1 showed a decrease in the size of the goiter, 

2 » no change » » »> » » » > 

4 » an increase » » » » » » • 

Exophthalmus : This phenomenon was present in 4 of the 12 
patients. In 1 it remained unchanged under the treatment, in the 
remaining 3 patients the exophthalmus disappeared partially or 
completely (see Fig. 7). 

The question about the treatment of thyrotoxicosis 'with thioura- 
cil and methylthiouracil will be discussed further in the following 
le] 
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Summary. 


After a review of the present literature on tlie action of strunio- 
genic substances in experimental animals, the clinical employ- 
ment of thiourea and thiouracil is dealt Avith. 

From his own experimental studies the writer emphasizes 
that the toxicity of thiourea is very great in comparison to that of 
thiouracil (about 1: 375). while its strumogenic effect is consider- 
ably smaller, on which account thiourea is considered unserviceable 
for clinical purposes. 

It is further pointed out that mcthylthiouracil has a greater 
strumogenic effect than has thiouracil, whereas the toxicity of 
the two substances is fairly alike. 

After this, an account is given of the treatment of 12 thyrotoxi- 
cosis patients with thiouracil. In this material thc longest period 
of treatment is 11 months. The therapeutic effect on the thyrotoxic 
symptoms appears after a latent period, which is prolonged consi- 
derably by treatment with iodine and as a rule leads to apparently 
complete disappearance of the sj'mptoms. Only in 2 patients has 
the therapeutic result not been satisfactory. Four patients were 
operated on with good results; G patients have been given thiouracil 
therapy for an average period of 288 days, Avith satisfactory result. 
No serious by-effects have been observed, only a fcAV instances of 
nausea, rise in temperature and exanthema. 

Under this treatment no noxious effect has been noticed on the 
hemoglobin percentage, sedimentation rate, blood urea or blood 
sugar concentration, and no instance of albuminuria has been 


demonstrated. None of the patients have shoAAm thrombopenia, 
nor has a granulocyte count under 1000 per mm^ been observed. 
Sternal puncture has shown an increase in the erylhrocylic and 
myelocytic systems. The treatment has brought about a consid- 
erable, though apparently merely temporary, rise in the scrum 
cholesterol values and fall in the serum calcium Amines. 

The treatment appears to bring about a decrease in the exoph- 
thalmus, but no tendency to a reduction in the size of the goiter- 
and there is nothing till noAV to indicate that the treatment has a 
curative effect. When the treatment is discontinued the symptoms 
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Seasonal variations in morbidity in cases of 
gastric ulcer and duodenal ulcer. 

By 

THOR SALLSTROM, M.H. 

(Submitted for publication November 20, 1014), 


The view has long been held that there is a certain periodicity 
in attacks of gastric and duodenal ulcer and in the resultant trouble, 
in that there is found to be an accumulation of patients suffering 
from ulcer and ulcerous trouble during certain seasons of the year. 
By periodicity is thus meant here not merely the more or lc.ss 
intermittent course of the disease but its recurrence at various 
times of year. 

.Statements in literature on this scasonaT variation arc not al- 
ways in full mutual agreement; this is due to a number of factors. 
The variegated composition of the research material is undoubtedly 
one of the most important of these factors. For instance, the mate- 
rial is sometimes surgical, sometimes medical. Moreover, different 
principles have, of course, been applied to a certain extent in 
passing judgment on the cases, especially in earlier years, when 
the diagnosis was only clinically determined and not based on 
X-ray examination. Again, such literature as exists on the subject 
is mostly of somewhat out of dale. 

Many authors, however, liave observed and described a simi- 
lar seasonal variation in the morbidity of ulcers. It may be said, 
on the whole, that there are tn-o prevailing views. One group of 
autliors states that an increase in ulcerous cases is observable 
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during the -winter months— December- February (Gebhardt-Riditer, 
iMattissoUj jMoynihan, Ruszu3mk and others). On the other hand, 
there are guthors who describe an accumulation of ulcerous attacks 
and ulcerous trouble in the autumn and spring — here the frequ- 
enc}^ is generally said to reach its peaks during September-Novem- 
ber and March— May (von Bergmann, Cohnheim, Ellinger, Ein- 
horn, Hutter, Kalk, Katsch, Schiitz etc.) 

These seasonal variations occur in cases of both gastric and 
duodenal ulcer (Gebhardt-Richter, Hutter, iMattisson, among 
others). Some authors, however, consider that the periodicity is 
far more pronounced in duodenal than in gastric ulcers (Cohn- 
heim, Hutter, Schiitz, etc.) 

Although such statements in literature are frequently some- 
what divergent, it may certainly be said that a factor common to 
them all is that the summer months show a minimum and the au- 
tumn-winter months a maximum of the disease, 

Tliose who work in a medical policlinic also gain a strong im- 
pression of this seasonal fluctuation. It appears to me that insuf- 
ficient attention is paid to these conditions, and as it is, of course, 
not impossible that this very variation in frequency' may be of 
importance in the genesis of ulcers, I have considered myself jus- 
tified in again drawing attention in this short paper to the seasonal 
variations in the morbidity of ulcers. 

In order to try to gain some idea as to whether it is possible 
from a modern body of material of ulcus ventriculi and ulcus 
duodeni to demonstrate a periodicity in the frequency, I have 
carried out an investigation of the ulcer material covering the last 
few years at the Serafimer Hospital. The composition of this materi- 
al has been published by me in an earlier paper, which pro-vides 
evidence that on the whole the present material agrees vuth earlier 
ulcer material published in literature. It is thus quite an ordinary 
and in no way peculiar body of material relating to ulcerous cases 
that has served as a basis for the following enquiry. At the same 
time, however, I would point out here that all cases of ulcer in my 
material have been subjected to X-ray diagnosis. 

During the period 1937 — 42 altogether 656 .cases of gastric anti 
duodenal ulcer were treated at the medical clinic of the Serafimer 
Hospital. This material has been investigated in respect of the 
occurrence of the disease throughout the 12 months of the year. 
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Tabic 1. 


Tlic date of diagnosing gastric and duodenal ulcer during tlic period ^ 
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The easiest method is to divide up the cases according lo 
the time of j'car at which disease was diagnosed, lliis period 
generally coinciding closely with dale of admission to hospital 
(see Table 1), 

WTien an opinion is formed of the seasonal variations in a 
certain disease, it is generally this very type of diNnsion of the eases 
that sheds a light on the subject. The table also shows clearly that 
the number of treated and diagnosed cases of ulcer is considerably 
lower during tlic summer months May — August than during the 
rest of the year. There is a minimum frequency in June and July 
and a. maximum frequency in September and October, 

It is, however, not tlic lime at which the disease is diagnosed 
that is of any particular interest so much as the time at which the 
disease arose. As a rule, however, it is impossible to determine the 
date of emergence of a gastric ulcer of a duodenal ulcer, for it is 
characteristic of an ulcer that the disease is preceded by more or 
less lengthy periods of stomachic trouble. On the other hand, one 
frequently obtains relatively exact data as to when a palpable dete- 
rioration in the disease sets in. For one finds in a great many pati- 
ents that they usually suffer from an acute increase in the trouble 
for a varying period before the disease is diagnosed. In the fuajority 
of cases the anamnesis reads as follows: uThc patient has had 
'periodical gastric trouble in recent years, but a mouth ago it 
distinctly grew very much worse.# Generally, that is to say, the 
patient is able to indicate more or less exactly when he bccainc dis- 
tinctly worse. Obviously the dale when he grew worse is of greater 
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Table 2. 

The date when the trouble first became aggravated in cases of ulcus ventriculi 
and ulcus duodeni during the period 1937 — 42. 
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Fig. 1. When the trouble first became aggravated in cases of ulcus ventriculi 
and ulcus duodeni during the period 1937 — 42. 
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interest in this connection than the date on wliicli the disease was 
diagnosed. 

In the present material, therefore, the anamneses liave been 
carefully studied and the date of a more definite deterioration in 
health determined. Though this has not been successful in e\cr3'’ 
case, it has in most, and the table 2 gives the figures obtained, the 
result being indicated in graphic form in Fig. 1. 

It is also possible to read from this table a manifestly lower 
frequencj”^ in respect of the disease during the months Maj' — July, 
whereas the number of cases increases during the autumn. Com- 
pared with the preceding table we sec that the conditions have 
shifted, the minumum now 13'ing in June and the maximum in 


August — October. 

Here, then, we observe without an}' doubt a seasonal variation 
in the frequency of ulcus. We then ask ourselves whether this 
variation only affects ulcus or Avhether it is a more common pheno- 
menon appljdng to other diseases as well. In order to gain some 
idea of this we must have a body of comparative material. The 
material from a policlinic will suit admirablj' as a means of regi- 
strering the general morbidity as far as hospital cases arc concer- 
ned. For this purpose, then, I have examined the policlinic material 
accumulated in the medical policlinic at the Scrafimer Hospital 
in the j'cars 1940 — '12 and have studied its dispersion throughout 
the different months of the year (sec table 3). 

Here we can read approximately the same conditions obtaining 
as Just now in the case of ulcus, Aiz. that a manifest, even striking 

difference exists between the winter and the summer months a 

circumstance of which those who work in a policlinic arc no doubt 
universally aware. That is to saj', the general morbidity recorded 
in hospital material presents striking seasonal variations. 


If, noAv, we compare the seasonal variations in the case of ulcus 
with those in the general morbidity observable in my policlinic 
material, it is seen that the curves do not tally exactly. Thus, the 
minimum for the general morbidity lies in September, whereas the 
ulcus frequency is lowest during May-June, and the maximum for 
the general morbidity lies at the beginning of the year, vlule that 
in the case of ulcus is observed at the close of the year 

During the period 1937-42 there were diagnosed atthe medical 
policlinic at the Serafimer Hospital 1,397 cases of ulcus. During 
Si Acta med. Scandinavica. Vol. CXXI. 
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Table 3, 


The no. of cases of illness at the medical policlinic at the Serafimer Hospital in 
1940 — 42 and the no. of treated cases of ulcer during the period 1937—42. 



Jan. 

Feb. 

S' 

Apr. 

May 

June 

July 

Aug. 

Sept. 

o 

o 

Nov. 

Dec. 

H 1 
0 

Cases of illness 
at med. pol. 

(a) 

6112 

6007 

6714 



5308 

5497 



5400 

4853 

5324 

5886 

4733 

. 

6793: 

No. of treated 
cases of ulcer 
(b) 

49 

49 

37 

47 

34 

29 

36 

61 

58 

55 

45 

57 

557 

b in % of a 

0.80 

0.81 

0.55 

0.69 

0.63 

0.54 

0.61 

1.13 

1.19 

1.03 


IB 

m 


the same period the cases of ulcus treated at the hospital num- 
bered 656, i. e. about 50 % of those diagnosed at the policlinic. 
During half that period, i. e. 1940 — 42 there were examined at the 
policlinic about 70,000 cases. It is self-evident that the ulcus 
cannot to any great extent influence the seasonal variations in 
the main group representing the general morbidity. It is permiss- 
ible, therefore, udth some justification to let the policlinic material 
serve as comparative material for the purpose of studying ivhether 
the seasonal variations are more pronounced in the case of ulcus 
ventriculi and ulcus duodeni than in the general morbidity. For 
that purpose I have calculated the percentage relation betu'cen 
the monthly figures for ulcus frequency and those for the general 
morbidity; these may be studied in table 3. It makes no diffe- 
rence for our purposes here that the general morbidity is based 
on a 3-year period and the ulcus frequency on a 6-year period 
(where half the period corresponds to that covered by the general 
morbidity), provided we remember that the ratios thus obtained do 
not express the ulcus frequency' in relation to the policlinic mate- 
rial. The average fot this ratio works out at 0.82 %. It can be seen 
that in January, February and November the ratio ranges around 
the average, while for the other months considerable variations up- 
wards and downwards are observable. This may mean that the 
ulcus morbidity is subject to more pronounced seasonal variations 
than the general morbidity. 
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If we select 2 groups, c. g. one group comprising tlic 3 summer 
months and one group comprising the 3 autumn months, where in 
the first case the ulcus frequency is low and in the second case 
higher, while the groups are otherwise more or less uniform, we 
can study the conditions statistically with the aid of the figures 
in the table. 

In the months of iAIay, June and July during the years 1940—^12 
16,159 patients were e.xamined. In the corresponding months of 
1937 — 42, 89 cases of ulcus were treated at the hospital. The ratio 
between these figures is 0.55 %. The corresponding figures for 
the period August, September and October arc: 15,577 policlinic 
patients and 174 ulcus patients with the ratio 1.12 %. There is 
thus a striking deviation betAveen the ratios in the first and in the 
second group. A statistical calculation works out as follows: 


c (Mj) in the first group 


. i/0.5i 

IS i / : 


0,55 X 99.45 


16159 


= i 0.059 


i/M2 X 98.88 

! (M„) in the second group is ± 1/ — ± 0.084 

“ I i 00 / / 


In the first group, then, we get the ratio 0.55 ± 0,059 and in 
the second group 1,12 ± 0,084 %. We can at once see from this 
that there is a marked divergence. The difference between the 
ratios, which is 0.57 %, is far greater than 3 times the mean error 
of the respective groups. 

Working out the mean error for the difference, we get: 
e (D) = ± 1^0^0592 + 0.0842 = ± 0.102. 


From this it is clear that the difference is far greater than 3 
times the mean error for the differences, from which it follows that in 
all probability the demonstrated divci’gence cannot be due to acci- 
dental causes. 


\Se are thus able to prove that the ulcus morbidity is subject to 
more marked seasonal variations than the general morbidity in 
this material, so that the ulcus frequency is lower in the summer 
and higher in the autumn. 


^o difference has been observable between the conditions in 
ulcus ventncuh and those in ulcus duodeni. The different curves 
for ulcus ventriculi and ulcus duodeni are drawn in Fig. 1, where 
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Table 4. 

Showng the time when the trouble became aggravated in cases of ulcus 
ventriculi and ulcus duodeni that had been diagnosed for the first time. 



Feb. 

Mch. 


!=- 

June 

July 

> 

d 

qa. 

Sept. 

Oct. 

Nov. 

Dec. 

Total 

34 

23 

27 

25 

19 

18 

16 

37 

31 

31 

19 

29 

309 


it can be seen that possibly ulcus ventriculi does not show the 
same rapid rise in the autumn as ulcus duodeni, thougli on the 
whole the curves follow one another fairly closely. 

The material relating to ulcus that has been discussed here 
comprises all the cases of ulcus, even, that is to say, cases of relapse. 
As it may be objected that cases of relapse in this connection are not 
pure cases, I have separated them, the figures thus obtained being 
given in table 4. As will be seen, no appreciabel difference is observ- 
able. 

Another question that may arise when dealing with material 
such as that from the Serafimer Hospital, into which sometimes 
city dwellers and sometimes country people are admitted, is whe- 
ther any difference can be observed in this respect between patients 
from the country and patients from the city. A division of the 
cases into these categories indicates that .the number of countrj'^- 
follc is proportionately far less than the number of urban pati- 
ents — only 169 out of 656. The number of cases is thus quite sm.all, 
and if spread over the 12 months of the year we get of course only 
relatively uncertain values. Here, however, we cannot find evidence 
of any definite divergence between the seasonal variations in pati- 
ents from the countrj' and those from the town. 

Our discussion has related throughout to those cases of ulcus 
ventriculi and ulcus duodeni which have been treated at the medi- 
cal clinic. One important source of error that affects such material 
from the Serafimer Hospital when it is to be scrutonized and jud- 
ged, as we are doing here, is the fact that during the summer 
months the clinic closes one ward at a time for cleaning. This 
reduces the number of hospital beds by about 40 during the 
months of June, July and August, though usualty not the whole 
of June or the whole of August, It is obvious that, if there is no 
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Tabic 5. 


The no. of cases of ulcus, venlricuJJ and ulcus duoden ^ 
. .» It.-, inmt* l-Tniifiltnl in 


Jan. 

Feb. 

5- 

=■ 

Apr. 

May 

u 

July 
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fn 

V) 
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o 

o 

Nov, 


Total 

131 

129 

123 

115 

9G 

77 

SG 

00 

113 

171 

150 

102 

1.300 


room for patients during certain months of the venr, the number 
of eases of ulcus, as of all other pathological eases, during that 
period is hound to he rclativcl 3 ^ smaller than at other times of 
year, when the hospital is working to full capacity'. In older to 
stud}' in wliat manner lli.is source of error affects the result which 
I have obtained above, I have worked out the number of eases of 
ulcus venlriculi and ulcus duodeni that were diagnosed at the 
policlinic during the period 1937 — i2, and these numbers are given 
in table 5. 

There is no demonstrable cKtcrnal influence upon the number 
of visitors to the policlinic. This table also sliow.s that Uierc is a 
distinct difference between the figures for ulcus frequency' in Uic 
summer months and those in the winter months. If, however, 
we compare lliis table with, for instance, table I, we see that the 
treated cases, i, c. those admilled to liosjnlal, in proportion to llic 
number diagnosed show a sonrewhat variable ratio. On an average, 
between 40 and 50 % of the diagnosed ulcus eases arc admitted 
to hospital. In some months this frequency is Iiiglicr, e. g. during 
Februarj^, September and December, while in other monihs it is 
lower, e. g. during July and November, There is thus a not very 
easily explainable variation in the ratio between diagnosed and 
admitted cases of ulcus. ^Y]lcn it comes to explaining tbc low 
frequency of admilled eases of ulcus in July, it may be asserted 
Avilh some degree of probability that Uiis is due to the reduced 
numbei of hospital beds during that months. Tliis circumstance 
might possibJ)% therefore, be a source of error wlien associating the 
seasonal variations with the frequency of ulcus. If we study the 
same periods as above; i\Iay, .June and July in comparison witli 
August, September and October and raise the number of lre.atcd 
cases in the former periods so lliat II, c treatment frequency comes 
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to about the same for both periods — the estimated figures obtain- 
ed are 120 and 203 respectively — we get a ratio between the num-' 
ber of patients visiting the policlinic and the ulcus cases, which in 
the first period is 0.74 % ± 0.067 and in the second period 1.29 % 
± 0.042, i. e. there is here too a variation so wide that it cannot 
merely be due to an accident. 

ITiere occurs, then, in the material which I have studied a mani- 
fest seasonal variation. Different views have been expressed in 
literature as to the causes of these seasonal variations. The main 
conditional factors suggested have been catarrhal affections (Mattis- 
son, Einhorn) and dietetic conditions (^lattisson, Einhorn, v. Berg- 
mann and Katsch). von Bergmann and Katsch, for instance, are 
of the opinion that vegetables in the spring and fruit in the autumn 
are factors to be taken into account, and they point out, inter alia, 
that in calves one not infrequentl}? finds duodenal sores at the time 
of transition from milk food to raw fodder. Others, however, have 
also suggested the effects of the weather on the individual (Mattis- 
son, Ellinger, v. Bergmann and Katsch, Gebhardt and Richter). 
Ellinger, who associates himself with von Bergmann’s theory of the 
importance of vegetative stigmatization in ulcus, regards the pati- 
ents’ increased sensitiveness to light as important. Sun-rays, dec- 
lares Ellinger, increases the ventricular secretion and motility 
in the spring and autumn, and this increase is checked in the sum- 
mer by the heat. Ruszuyak has also demonstreted the existence 
of a hypersecretion and a hyperacidity during the months of iMay 
and October. Endocrin causes are likevdse believed to have some sig- 
nificance; Cohnheim actually considers that the entire cause is to 
be found in the dependence of the human indi\idual upon the 
oestrual periods. 

Tlie views on the causes of the seasonal variations are many 
and various, it is clear, and this shows that so far we have made 
no progress in this field of enquiry beyond sheer guesswork. In- 
deed, it is difficult, of course, to progress beyond that. Those fac- 
tors with which we are here concerned are hardly capable of exact 
determination. 

The Royal Social Board has made an investigation into the 
consumption of food in the major towns in this country, and there 
are statistics relating to the variation in the consumption of diffe- 
rent foods during the four quarters of the year. It nxay be of interest 
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VARUTiONS IN MORIIIDITY IN CASES OF CASTIHC YLCF.R F-TC. 


Tabic 6. 


FtoKS l»to !«>"' •Hoi.scUoId imdccis * l»».l coM.niipl Ion. |«.Ml*c.l by 
«,c Rovol social Doort. Above .he .Ohio lo to.™ Ihe nkuo l„,..ency curve 
recorded In my InvcsHgallons. 



to compare llijs varialion willi Ihc seasonal vnrinlions in ulcus. H 
■would naturally have been best if we could have obtained parlicu- 
lans of Die ulcer-palicnls’ manner of living during llie period be- 
fore they fell ill, but such data have been uno!)lainable. In table 0, 
however, I have reproduced figures out of a table to be found in 
the Royal .Social Board’s publication .‘Muslu’dlsbudgeter och liv.s- 
mcdelskonsnmtion i .stiidcr och tiilorlcr HMO— H).12" (Mouschold 
budget and food consumption in I owns and dcnselv iiopnlated 
areas m 1940—42), In my table ] have only couccrned myself with 
he year 1940, as it no doubt corresponds most closolv with the con- 
sumption under normal conditions; moreover, I have only inchuled 
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in the table those foodstuffs of which the consumption has demon- 
strably shown an appreciable variation according to the seasons. 
At the top of the table I have inserted the ulcus frequency. 

Those quarters of the year which attract the greatest interest 
in the table are the 2nd qr. — on account of the slight frequency on 
ulcus i May and June — and the 3rd qr. — owing to the heavy rise in 
ulcus frequency in August and September. In the 2nd qr. we find 
an increase in the consumption of eggs and fisch and a decline 
in the coniumption of meat, carrots, vegetables, roots, berries, 
vitamins B and C. In the 3rd qr.we note an increase in butter, 
carrots, roots, vegetables, fruit, berries and vitamins A, B and 
C, and a falling-off in the consumption of margarine and eggs.- In 
the last qr. of the year there is again a decrease in the consump- 
tion of butter, eggs, vegetables, fruit and berries. Thus, the con- 
sumption of carrots, vegetables, roots, fruit and berries is lowest 
during the 2nd qr., where too we find the lowest ulcus frequency. In 
the 3rd qr. the consumption of these same articles is at its maxi- 
mum, just as we find here the maximum ulcus frequency. It is inte- 
resting to note that the consumption of vitamin A in particular is 
highest during the 3rd and last quarters and lowest during the 1st 
and 2nd quarters. 

It is not, of course, my intention directly to attribute the ulcus 
frequency to these demonstrated variations in the consumption of 
food — and indeed the data obtained are so uncertain as hardly 
to warrant any opinion being given on the basis of them. I have 
merely desired to draw attention to the possibilities that are at 
present open to anyone studying these questions. Similar food in- 
vestigations on the basis of ulcus material might possibly enable us 
to gain a clearer conception of the true nature of the conditions. 


Summary. 

The enquiry has shown that ulcus ventriculi and ulcus duodeni 
exhibit manifest seasonal vai-iations with a minimum frequency 
during IMay — June and a maximum frequency during August — 
September. 
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Aus dem Medizinisch-Chemischen Institut der Universitat Helsinki 
Vorstand Prolessor, Dr. med. et phil. P. E. Simola. Aus der Panzer- 
brigade; Arzt Oberstabsarzt 0. Kopperi. 


Uber die durch Motorabgase verursachten 
Kohlenoxydvergiftungen bei der Mannschaft von 
t^anzerformationen. 

Von 

LEO NORO. 

(Bei der Redaklion am 2. Februar 1945 eingegangen). 


Einkitmg. 

Die Kohlenoxydvergiftungen haben sich in den letzten Jahren 
in Finnland durch die mitt els Holz- und Kohlevergasern getriebenen 
Kraftfahrzeuge entwickelt. Doch sind die Kohlenoxydvergiftungen 
nicht auch in friiheren Jahren auf dem Autogebiet unbekannt 
gewesen. Noch mag man sich erinnern an die Vergiftungsfalle mit 
todlichem Ausgang, die dann und \vann in Garagen eintraten, in 
denen der Motor bei geschlossenen Tiiren in Betrieb gewesen ist. 
Gegeniiber dem Treibstoff der Holz- und Kohlenvergaser-Kraft- 
wagen, dem »Kohlengas», das ca. 20 — 30 % CO enthalt, umfasst das 
Abgas der Benzinmotoren ebenfalls ca. 6 — 10 % Kohlenmonoxyd 
(Baader, Rodenacker). Ein derartiger CO-Gehalt ist durchaus ge- 
niigend, in einer schlecht geliifteten Halle recht bald einen gefahr- 
lichen Kohlenoxydgehalt in der Respirationsluft zu verursachen. 
So beobachteten Stampe und Bangert bei ihren CO-Bestimmungen 
in Autohallem dass z. B. ein kleiner Benzinmotor schon in 4 Minu- 
ten in einer 5 X 10 x 3.6 m grossen Halle einen auf 0.03 % stei- 
genden CO-Gehalt und in Vz Stunde einen solchen von 0.15 % ver- 
ursacht hatte. Bei denselben Versuchen erwies sich CO als sehr lang- 
sam verdunstend aus einer geschlossenen Halle: nach Vz St. war 
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Das Material. 

Das Material enthalt insgesamt 198 Panzersoldaten, clarunter 
45 Monteure, 88 Panzerfahrer imd 65 Kraftwagenfahrer. Von 
diesen wiirden Jiir eine genauere Untcrsuchung 45 Falle ausgesucht, 
bei denen akute und aiif chronische Kohlenoxydvcrgiftungen hin- 
weisende Synxptonre aufgelreten warcn. Bei den Untersuchungen 
wurde den subjektiven Symptomcn sowie bei den ausfuhrlicher 
Untersuchlen insbesonderc neurologischen Symptomen, dem CO- 
Gehalt des Blutes und seinen Sclnvankungcn in der Arbeitszeit,' dem 
vollstandigen Bliitbild sowie dem Bluldruck Aufmerksamkeit 
zugewandl. 


Die Frcqncnz der Vcrgiftimgen. 

Auf die selir vielscitigen Symptome, die bei den alcuten und den 
chronischen Kohlengasvcrgiftungen auflrcten, mochte ich in die- 
scm Zusammenhang nicht niilier cingchen. Sie sind unter anderen 
von Alm.grenj Baadcr, Noro, Rodenacker, Salfin, Sibelius, Sjmian- 
ski u. a. ausfuhrliclier besclirieben Avorden, Im folgenden haben 
nur die Avescntlichslen von ihnen Beachlung gefunden. Bei den 
198 Panzcrsoldalcn, die befragt w-urden, Avaren auf CO-Vergiftun- 
gen hinAA’cisendc Syniplome folgcndcrmassen aufgelreten: Tabelle 
1 und 2. 

Es ist zu crsehen, dass bei der Gruppe der KraftAvagenfahrer 
verliallnismassig am meisten und scliAverste Vcrgiftungssymptome 
vorgekommen sind, Avas in erster Linic darauf berulien mag, dass 


Tabelle 1. 

Auf akute Vcrgiflungen hinwciscnde Sijmptomc bei 13S Panzcrsohlaten. 
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Tabelle 2. 


A„l ctrmiul,. V.r„7.,.r»e„ Uim.Ue.ie Symptonu: M m Pan«r,maU^ 
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sie im allgemeinen altere Manner gewesen sind und langere Zeit 
mit Motoren zu tun geliabt haben. 

Auf chronische Vergiftungen hinweisende Syrnptome sind nach 
Tabelle 2 aufgetreten. 

Wir erkennen abermals, .dass auch jetzt bei den Kraftwagen- 
fahrern am meisten Beschwerden , aufgetreten sind. 

Vergleichen \yir die Frequenz der Vergiftungen bei den Panzer- 
soldaten mit der bei den Fahrern von Kraftwagen mit Holz- und 
Kohlevergasern (in Duodecim 1944 Nr. 6 ausfuhrlicher von mir 
besprochen) so ist zu ersehen, dass die Vergiftungen bei jenen etwa 
halb so haufig wie iDei letzteren sind. 

Der CO-Gehalt des Blules. 

Als icli sah, in Avelchem Masse der CO-Gehalt des Blutes wabrend 
der Arbeit steigt, stellte ich nacli Oettel’s Methode am Morgen vor 
Beginn der Arbeit und gleich nach ihrem Abschluss CO-Bestim- 
mungen am Blut an. Die Bestimmungsweise, die sehr einfacli und 
auf das Stufenpliotometer angewandt ist, erwies sich bei hoheren 
Werten als geniigend exakt. Wenn es sich um geringe Werte unter 
5 % (d. h. das Verhaltnis des CO-Hamoglobins zum, Gesamtliamo- 
globin) handelt, konnten die Werte indes bei Wiederholungs- 
bestimmungen um bis 1—2 % sclnvanken. Aus der folgenden 
Tabelle (3) ersehen w die im Verlaufe eines Tages eintretenden 
Sclnvankungen der CO-Werte des Blutes. Die Versuchspersonen 
varen alle Monteure. 
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Tabelle 3. 


Der CO-Gehalt des Blutes am Morgen and nach der Arbeit. 
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Wie bereits erwahnt, ist die Bestimmungsmethode nicbi genau 
bei geringen Werten, so dass die Fade 12 and 13 \vohl dadurcli er- 
klart werden konnen. Setzen wirvoraus, dass ein iiber Sprozentiger 
CO-Gehalt im Blut fjir die Entstehung eines chronischen Vergif- 
tungszustandes ausreicht (Salen), so erkennen vnr bei der Durch- 
sicht der Tabelle^ dass bei 7 der in ihr aufgefuhrten Personen diese 
Bedingung erfullt isG wenigstens am Versuchstage. 

Das Koblenmonoxyd verdunstet sclmell aus dem Blut, gros- 
sere Mengen binnen zwei Stunden (Haldane). Dock hatte ich Gele- 
genheit, einen Fall zu verfolgen, in dem das CO des Blutes liinger 
einen hblieren Stand einnahm. Obgleich der in Frage stehende Fall 
durcli einen Holzvergaser bedingt war, sei er hier beschrieben. 

Es handelte sich um einen 22jahrigen Falrrer, der in meine Truppen- 
verbandplatz kam, weil er an auf chronische Vergiftung himveisender 
Beschwerden litt. Der CO-Gehalt des Blutes -wurde bestimm’t, und er belief 
sich auf 1 % %. Unmittelbar darauf ging der Mann, den Generator seines 
Holzvergaser-Kraftwagens zu fiillen, und er atraete das daraus aufstei- 
gende Kohlengas zu lange ein, wodurch er sich eine akute Vergiftung zu- 
zog. Hire Symptome waren Schwindel, Gefiihl der Leichtigkeit, Kopf- 
schmerzen und Husten. Der CO-Gehalt des Blutes belief sich, unmittel- 
bar nach der Vergiftung gemessen, auf 15 %, aber er steigerte sichnoch 
15 ilin. bei zunehmenden Kopfschmerzen auf 21 %. Danach durfte der 
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Patient in frischer Luft unhergclien, und 15 ]\Iin. nach der Vergiltung 
war der CO-Wert sclion auf 16 % gesunken. Kopfschmerz und Scluvin- 

del bestanden fortgesetzt, die ubrigen Symptome waren scbon 1 y, Stnnde 
nach der Vergiftung voriibergegangen. Die Kopfschmerzen selztcn sicli 
unverandert fort, und der CO-Wert des Elutes machte 14 % aus. Sie horten 
erst nach 6 Stunden auf, und noch am folgenden Morgen enthielt das Blut 
7 % Kohlenmonoxyd, trotzdem. der Patient sich nicht melir in kohlonga^- 
hal tiger Umgebung aufgehalten hatle. 

Der Fall erweist, dass CO aus dem Blut nicht immcr so schnell 
verdunstet^ wie man im allgemeinen annimmt. 

Das Blutbild. 

Viele Forscher (unter anderem Forbes, Lilzner, Symanski) erwahncn 
als wichtiges, ca. 25—30 %ig auftretendes Symptom bei chronischcn GO- 
Vergiftungen Polyzythamie, die aucli bei Tierversuchen ein regelmassi- 
ges Symptom gewesen ist (Nasmith und Graliam, Tscherkess). Dieses 
Symptom kann sich nach Ziegler bisweilen sogar erst Jahre nach der Ver- 
giftung entwickeln. Die Ursachc der Polyzythhmien erklhrt Ziegler fol- 
gendermassen: »Sie beruhen auf oiner krankhaft beschleunigten Zellreifung 
einem toxischen Angriff auf die Produktionsstattc des roten Knochcnmar- 
kes selbst.)) Da wir uns jedoch an die zentrale CO-Wirkung insbesondcro 
auf die Stammganglien und die Hypolhalamusgegend erinnern, wo die 
zentrale Blutregelung zu suchen ist (Feuchtinger), mbchte ich mich mei- 
nerseits Leschke anschliessen, nach dem die Verhnderungen 3m Blutbild 
zentraler Art sind. Seltener sind als Symptome von CO-Vergiftungen aucli 
Anamien angetroffen worden (Jos's und Huber, Brandt, Beck und Forl- 
Ziegler),die dann ihremTyp nach hyperchromisch, mit den bei Trotylver- 
giftungen angetroffenen hyperchromischen Anftmien vielloicht genelisch 
iibereinstimmend gewesen sind (Noro). , 

Nach Symanski tritt im weissen Blutbild keine fiir Vergiftungen spezi- 
fische Veranderung auf. Doch ist im Zusammenhang mit ihncn Monozy- 
tose, Eosinophilie und relative Lymphozylose vorgekommen. 

Meine eigenen Beohaclitungen hetreffen 45 Panzersoldaten, die 
chronische Vergiftungssymptome aufgewiesen und als deren Kon- 
trollen 12 anders hetatigte Panzersoldaten gedient haben. Ausser 
diesen wurden an 2 akuten Vergiftungsfallen Beobachtungen an- 
gestellt. 

Die Anzabl der Erythrozyien betrug nur in 8 Fallen tibcv 5 Mill / 
mm3 (hei einem Hochstwert von 5.30 Mill, je/mm®), so dass aucli sie 
wobl nocb nicht als deutliches Anzeicben von Polyzytamie geltcn 
kann. In den ubrigen Fallen sclnvankte die Anzabl der Ervlbro- 
zy en von 4.52—5.00 iMill. Anamien sind nicht angetroffen worden . 



388 


LCO Nono 


Die Anzalil der Lcukozijlen variicrtc von 5000 — 10000 mm^, 
was als Normahvert anzuselien isL (ScliiiUen, Nordcnson). 

Die Analyse der Lculcozylen gelit aus der folgeiiden Tabelle (4) 
hervor. 

In der IMitle die als normal zu belraclilendcn Werle. 


Tabelle 4. 

Die Diffcrcn:icrung der Lcukozijlen in 45 FCiUen. 
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Bei der Durchsicht dor Tabelle isl zu ersehen, dass Abvcichun- 
gen von den Normahvcrlcn in beiden Richtungen wahrzunehmcn 
sind. Nur bei den Monozylcn schcinl einc Alnveichung nacb grossen 
Werlen vorherrsebend zu scin. Sonsliges Sicberes iiber die Diffe- 
rentiation der Leukozyten lasst sicb niebt mit Sicberbeit aussagen. 

In zwei aknlen Vergiltungsfallen konnte das Blutbild nach der 
Vergiltung verfolgt verden. 

Der ersle Fall -war oin Soldat, der, crsl einigo Tage als Kraftfalirer 
tatig, durch oinen mit Benzin gclricbenon Wagen cine zAir Bcwnisst- 
losigkcit fubrende Kohlengasvcrgiflnng erlilt. Er wurde am Morgen in das 
Krankenhaus gebrachl, nnd das am Abend aufgenommenc Blutbild war 
folgendes; 

Hb 84 %, E: 4.5C, I: 0.92, L: 9700. 
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Und nach 4 Tagen, als er nach seiner Genesung das Krankenhaus verhess: 
Hb 82 %, E: 4.48, I: 0.96, L; 6000. 

Als einzige Abweichung konnen wir also die grSssere Anzahl der Leuko- 

zvten am Vergiftungstage beobachten. 

Der zweile Fall war ein Soldat, der 4 Jalire als Kraflfahrcr Idlig gewe- 
sen war und der auch friiher schon oft alculo CO-Vergiftungon crlillcn und 
ausserdem chronisclie VergiflungssjTnptomc autgewiesen hallc. Er zog 
sicli dasselbe Mai wie der vorhergehende eine zur Bewmsstlosigkeil fuhrendo 
Vergiftung zu. Das an demselbcn Abend aufgenommenc Blulbild war fol- 
gender Art: 

Hb 108 %, E: 5.34, I: 1.01, L: 10300. 

Das 4 Tage spilter ermitlelte Blulbild hatle sicb auf folgcndc Weise 
in normalcr Richtung verilndert: 

Hb 100 %, E: 4.88, I: 1.02, L: 6700. 

Nach der Vergiftung besteht also cine Icichlc Polyzytamic und LcuJiozy- 
tose, die dann wSbrend der Genesungszeit scliwdnden. 


Wolllc man auf Grimd dicser zwei Fiillc die Erscheinungeu 
irgendwic erklarcn, so konnte man untcr andcren daran denken, 
dass das fiir die Regclung der Blutbildung deslctzlcren Mannes 
arbeitende Zentrum im Hypothalamusleil sclion wiihrend der 
fniheren Vergiftungen beschiidigt worden ware und bcim Ein Ire- 
ten einer neuer Vergiftung empfindlicher als gewolmlicb reagiert 
hatte. 

Bluidmch. 


Bei den chroniseben CO-Vergiflungen ist auch ein Steigen dcs 
Blutdruckes als eines der Symptomc aufgclrcten. (Baader, Roden- 
acker.) Untcr diesen 45 Fallen war er bei 5 fiber 150 mm Mg. Dock 
ist zu bemerken, dass in diesem Krieg bei den Soldaten oft holier 
Blutdruck beobachtet worden ist (Elirstrdm), dcssen Ursache man 
in psychischem Einfluss zu suchen hat. Daher ist es auch in diesen 
Fallen unmoglich zu sagen, ob der hohe Blutdruck gerade auf der 
CO-Vergiftung beruht, besonders wenn zuglcich keine anderen auf 

Vergiftung hinweisenden objektiven Symptomc zu beobachten 
sind. 


Nervensymptomc. 

Die Symptomc auf seiten des Zcntralnervensystems sind so- 
wohl bei akuten als auch bei chronischen Kohlengasvergiftungen 
hochst manmgfaltig. Beschreibungen dariiber finden sich un^er 
nderem m den Veroffentlichungen von Sibelius und Almgren. 
Scandinavica. Vol. CXXl. 
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Bei meinen eigenen Fallen ^^'u^den als einzige objeklive neuro- 
logisclie Symptome cin zicmlich starker Tremor in 6 Fallen beo- 
bacbtel. Otoneurologiscbe Untersncliungen konnten leider nicht 
ausgefubrt werden. 

Bcsprcchung dcr Ergchnissc. 

Bclracblen ^^•ir cingangs aiif Grand dieser Bem.crkungen die 
Freqiicnz der Kohlengasvergiflangcn bei dcr Manscliaft der Pan- 
zerlormationen, so kdnncn wir sagcn, dass die Vergiftungen ziem- 
lich allgemein gewcscn sind, Im Ycrgleich za den darcli die Holz- 
and Koblenvergaser-Krafhvagen vcrarsaclilen Vergiftungen (Noro) 
sind sie jcdocb in m.eincm Material cUva halb so hiiafig wie htztere 
and ibrem Cbaraklcr jiach stets gelinde gcwesen, ■was insbesondere 
die cbronischcn Vcrgiflangcn angchl. Bei den Panzcrlormationcn 
scheinen insbcsondcrc die KrafUvagenfahrer am meisten unter 
Kohlengas zu leidea, was wolil daran liegt, dass sic im allgemeinen 
am langslen aaf dem Motorgcbict gearbeilet haben. 

Im CO-Gchall des Blules sind in den meisten Fallen sogar be- 
dcatende Anstiege wahrend dcr Arbeilszeit, Mehrbctragc, die bis 
10 yo aasmachen konnen, za bcobacblen. 

Im Blatbild sind koine ganz cbaraklcrislischcn Veriindeningen 
za erkennen, wenngleicb in dem roten Blatbild eine Tendenz zu 
Polyzytamie and im weissen als einziger abercinstimmender Zug 
Monozytose bestanden hat. Dock ist in Betracbt za ziehen, dass 
alle Falle gelinde gewesen sind, so dass aach keine grosseren Veran- 
derangen im Blatbild haben crAvartet Averden konnen. EbensoAve- 
nig sind im Blatdrack dcatlicbe Yeranderangcn, abgesehcn von 
5 Fallen, bcrvorgetrclcn. 

Als kurze Zasammenlassang konnen Avir also festslellen, dass 
bei der Mannschall der Panzcrlormationcn ctAva bei jedem ZAvei- 
ten Mann CO-Yergiftvmg aafgetreten ist, dock ist sic im allgemeinen 
sebr gelinde geAvesen. 


Summary. 

The purpose of the examination has been to clarify the com- 
monness of CO-poisoning in men serving in armoured car units. 
The material consists altogether of 198 men, of AAdiomdSAV^eremore 
closely polyclinically examined. The most common subjective sym- 
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ptoms in acute poisonings have been headaclie (58 per cent), sick- 
ness (37 per cent), dizziness (36 per cent). Unconsciousness lias 
appeared in 6 per cent of the cases. The most common symptoms 
indicating chronic poisonings have been fatigue (41 per cent), 
sleepiness (27 per cent) and irritability (17 per cent). The CO-con- 
tents of the blood could arise during the work to as much as 10 % per 
cent. It has been observed that the only uniform symptom in the 
changes of the blood picture is monocytosis and in a case of acute poi- 
soning a mild polycythaemia and leiicocytosis. There have been no 
distinct changes observed in the blood pressure. Tremor was found 
only in 6 cases as objective neurological changes. 

In short we may say that the CO-poisonings caused by motor 
gas have generally been very mild and approximately twice less 
common than in drivers of cars operated by charcoal gas. 
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Uniersuchungen iiber die QT-Dauer im Elekfro- 

kardiogramm.^ 

Von 

MARTTI SAVILAHTI. 

(Bei der Redalction am 2. Fcbruar 1945 eingegangen). 


Die Abhiingigkeit der Systolendauer des Herzens von der 
Pulsfrequenz ist schon vor Einfulirung der clektrokardiographi- 
schen Untersuchungsmelhode ein Forschungsgegenstand gewesen 
(Waller 1891). Lombard und Cope (1919) bestimmten aufgrund 
der von ihnen am Karotispuls gemessenen Werte eine Formel, an 
Hand welcher sich die Systolendauer aus der Lange der Pulsperiode 
bestimmen lasst. Die eHvas modifizierte Formel hat folgendes 
Aussehen: S(ystole) = 0.319 j/P(eriode). 

Die im Ekg gemessene QT-Dauer entspricht gemass neuerer 
Untersuchungen am besten der totalen Systole, und so ist denn 
diese Frage in den letzten Jalirzehnten vorwiegend elektrokardio- 
graphisch untersucht worden. Bazett (1920) wandte die oben mit- 
geteilte Formel auf die QT-Dauer an und bemerkte, dass sie zu- 
trelfend war, jedoch mit dem Unterschied, dass der Koeffizient 
eDvas grosser (bei Mannern 0.37, bei Frauen 0.40) ausfiel, "was dar- 
auf beruht, dass man am Karotispuls nur die Austreibungszeit 

^ (Diese Arbeit ist schon 1941 in extenso als akademische Abhandlung in 
der Publikationsserie der Acta Societatis Medicorum Fennicae nDuodecim* 
Ser. B. Tom. XXX, Fasc. 3 erschienen, aber dieses Referat ist infolge des Krie- 
ges verzogert worden. Aus demselben Grunde ist das spater erschienene Schrift- 
tum unberucksichtigt geblieben). 
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niessen kann, Avahrend die QT-Dauer die gauze Systole AAiedergibt. 
Diese Bazelt’sche Formel ist aiich jetzt nocli allgeinein im Ge- 
brauch, insbesondere in den angelsacbsischen Landern. Urn die- 
selbe Zeit leitete Fridericia fiir die QT-Daiier die Formel; S = 8.22 
i^P ab, win S und P in 0.01 Sek. ausgcdriickt.sind. Dicse For- 
mel ist bis in den letzten Jalircn in den meisten europaiscben Liin- 
dern in Gebraucli gcAvesen. Die erAvabnten Formeln slcllen Mittel- 
Averte dar, von denen Q— T in EinzelXallcn ancli physiologiscb etAvas 
abAAcichen kann, nach Fridericia hdclistens um 0.045 Sek. (= 3 X 


der Mittelfehler). 

Diese Ergebnisse sind melirfach konlrolliert Avorden. Die mh- 
fangreichsten i\Iaterialien bringen Hegglin und Flolzmann (1937) 
mit 700 Normalfallen soAvie Hecht und Kortb (1937) mit 1016 
Fallen. Die ersteren liaUen die Formel von Lombard und Cope 
(Bazett) fur geeignet. Der Koeffizient betragt nach ihnen bei bei- 
den Geschlechtern 0.39 und die grdssten Abv’eichungen belragen 
0.04 Sek. von dem berechneten MittelAvert. Die zuletzlerwalm- 


ten Authoren begniigen sich mit der Angabe der GrcnzAvcrte^ 
zAvdschen denen Q — in dem jcA\’eiligcn Frequcnzgcbiet A-ariiert, 
Aus Fig. 1 sind die Amn den A'crschiedenen Forschern erhallencn 
Resultate ersichtlich. Die Formeln von Bazett und Fridericia 


AA'eichen also erhcblich Amneinandcr ab, allerdings nicht in dem 
AAdchtigsten Frequenzgebiet; aber Avenn es sicli um die QT-Dauer 
bei hoheren Frequcnzen, Avie besonders bei Kindern, Fieberndeu 
und nacli Belastung handelt, liiingt es ganz daAmn ab, Avclche For- 
niel AA'ir gebrauchen, ob die fcstgestelltcn Wertc als normal odor als 
pathologisch zu gelten liaben. 


Die QT-Dauer bei Kindern ist u. a. von Engel (1937), Nadrai 
(1938) soAAde Ohr und Porsche (1940) untersucht Avordcn. Die For- 
mel von Fridericia hat sich hierbei als uhgeeignet erAA'iesen, am 
besten passt die Formel von Hegglin und Holzmann, aber die 
physiologischen AbAveichungen vom Mittehvert sind nicht so gross, 
AA'ie diese Forscher angeben. Die aus dem Schrifttum erhaltencn 
Angaben daruber, ob Q— T in den verschiedenen AUcrsklassen 

widersprechend. Schlomka und Raab 
(1936) stellen fest, dass sich Q_T mit dem Alter ein Avenig vcrliin- 
ger, aber em deuthch Avahrnehmbarer Unterschied erschdnl erst 
bei Greisen. Dies konnte auf eine Verschlechterung desKoronar-' 
kreislaufs zuruckzufuhren sein, Avas, Avie mehrerc Forscher beobach- 
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tet haben, die QT-Zeit verlangert (Buchner, Weber und Haager 
1935, Hegglin und Holzmann, Hegglin und Nobile 1939), Die Ergeb- 
nisse sind jedoch -widersprechend, denn bei Tierversuchen hat 
man das Umgekehrte beobachtet (Miki 1922, Opitz 1936, Aschen- 
brenner 1937). 

Nach Belastung haben mehrere Forscher eine abnorme Ver- 
kiirzung in der QT-Dauer konstatiert (Fridericia, Herxheimer 1924, 
Sch-wingel 1937, Rihl, Huttmann und Spiegl 1935, Schone 1936 
Scblomka und Reindell 1936). Als abnorm verkleinert hat man 
die Werte betrachtet, weil sie von den aus der Formel von Fride- 
ricia berechneten Mittelwerten abweichen, die, wie oben angefiihrt 
wurde, bei hohen Frequenzen zu gross sind. Ob in der QT-Dauer 
bei Gesunden und bei Koronarsklerotikern nach Belastung ahn- 
liche Veranderungen stattfinden, oder ob bei den letzteren Yer- 
anderungen angetroffen werden, aus denen man Nutzen beim Stel- 
len der Friihdiagnose von Koronarinsuffizienz ziehen konnte, ist im 
Schrifttum nicht klargelegt. 

Eine im Zusammenhang mit akuten Infektionskrankheiten 
aultretende Myokarditis ist oft schwer diagnostizierbar. Auch der 
Ekg-Befund kann vollig normal sein. Der QT-Dauer ist sehr wenig 
Beachtung geschenkt warden. Man hat indessen bemerkt, dass ein 
abnorm langes Q — das einzige pathologische Symptom sein 
kann. Wann Q — bei einem Fiebernden abnorm lang ist, lasst sich 
jedoch schwer entscheiden, denn \vir wissen nicht mit Sicherheit, 
wie lang die normale QT-Dauer bei der Fiebertachykardie ist. Die 
Sache ist recht wenig untersucht worden. Hegglin und Holzmann 
halten die bei Fieber gemessenen Werte ohne weiteres {iir nor- 
mal und benutzen sie beim Berechnen ihrer Formel. 

Aufgrund des oben Ausgefuhrten ergibt sich als Thema dieser 
Arbeit die Untersuchung der QT-Dauer besonders bei hoher Puls- 
frequenz und zwar bei Kindern, bei Fieberzustanden sowie nach 
Belastung, getrennt bei jungen, gesunden Personen und bei solchen, 
die bereits das Koronarsklerosealter erreicht haben. 

Material und Unlersuchungsmethode. 

Das Kindermaterial umfasst 227 Kinder aus der Universitats- 
Kinderklinik zu Helsinki. Hiervon waren 165 hinsichtlich ihres 
Kreislaufsystems gesund, 55 batten einen organischen Herzfehler 
und 7 Spasmophilic. Von den gesunden Kindern vmrden insgesamt 
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300 imd von den kranken 100 Ekg aufgenommen. Das Alter dcr 
Kinder sch^vankte zwischen 1 Woche und 15 Jahren. Der Emlluss 
des Fiebers ^snirde nntcrsueht bci 38 an vcrschiedcnarligen Infe v- 
tionskrankheiten leidenden Palicntcn des Epideinickrankenhauses 
von Helsinki, deren Herzslatus vabrend dcr ganzen Krankheit. 
genau beobachlet iind bci denen auch gelegcntlicli dcr Naclumler- 
snehung nichts auf einc Myokarditis Hinweisendes bemcrkl vurde. 
Die UntersiK’bungen griinden sicli aid 50 vahrend des Fiebers und 
ebenso\iele in der fieberircien Periodc anfgcnonnncnc Ekg. 

Die Untersuchungen nach Bclasiung nnd nach dcin Aufslchcn 
•\vurden bei 60 unler 45 Jalire alien Palicntcn des Kivcla-Kran- 
kenhauscs angcsiellt, die keine Anzeiclicn cincs Hcrzieblers dar- 
boten, sovic bei 50 libcr 45 Jahre alien, die zuni grosslcn Toil An- 
zeiclien eines versclilcchlerten Koronarkrcislaufes aufwicsen, venn 
anch keine klassisclien Angina-pccloris-Anfiillc und kcinc klinisch 
nachveisbaren Syniptomc von Hcrzinsidlizicnz vorkanicn. lin Ekg 
kam kein Schcnkelblock vor. Das Ekg vurde in Ruhe bcini Licgen, 
soivie 10, 30 und 60 Sek. nach dem Aufslchcn aidgcnomnien. 
Danach liess man die zu Unlcrsnchcndcn so langc rasch I'reppen 
Iiinauf- und himmlcrgchcn, dass sich bci alien einc dculliche, 
imgefahr glcich slarke Dyspnoc cinslclUc, vozu iin allgcmcincn 
2 — 5 Sloclavcrkc gcniiglen. Hicrauf wurdc das Ekg nach 10 und 
30 Sek. sowic nach 1, 2, 3, 5 und 10 Min. aufgcnoinmcn. Ausscrdein 
M'urden einige Sondcrfiille unlersuchl. 

Das ganze Material umfasst 227 Kinder und 156 Ervachsene, 
insgesamt 383 Personen, von denen CIS Ekg in Ruhe, 354 ini Slc- 
hen und 840 nach Bclasiung, alios in allcin 1812 Ekg, aufgenommen 
vurden. 


Die QT-Daucr wurdc bci den in Ruhe aufgcnonimcnen Ekg in 
den drei Ableilungen gemessen und obscrvierl dnrl, ayo sie am 
langslen -war. Wenn T dcullich Avalirzunclimen war, hcslandcu 
keine augcnfalligcn Untcrschiedc in dcii verschiedenen Ableilungen. 
Wurden Unterschiede bemerkt, so war Q-T am langslen in'’der 
Ab cilung, wo T am deullichslen ausgcpriigl war, gcwbhnlich in 
der II Kach dcr Bclasiung war cs lechniscli unmoglich, mil dem 
Jfugbaren Iransportabcln Sicmenschcn Eleklrokardiographcn 
alle Ablcilunpn so rasch aufzunelmioi. Aus dicsem Grunde wurde 

^ niTp "w aufgenommen, wo T am deullichslen 

usfrequenz wurde im allgcnieinen aufgrund von 5 
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Q-T 

(1/100 Sck.) 



Fig. Nr. 1. 

Auf das schrafficrlc Gcbicl cntfallcn die bcl gesunden Klndcra gemessenen 
Werte dor QT-Daucr. 

■=■ Die nach den oblgcn bcstlmnitc Mlltclwcrtlinie sowlc die um ± 

107 o davon abwcichcndcn Wcrlc. 

' = Frldcricias Kurve. 

= Bazelts (Hcgglin-Holzmaiins) Kurve. 

Grcnzwcrlc nach Hccht und Korth. 


Q-T 

(t/lOOSek.) 
20 - 




26 - 
28 - 
■30 - 
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36 l- o’l f t I I 1 1 I I . I , t .1 ^ 

Piilstreaiien?, 70 80 90 100 llu 120 130 'UO 150 joo 170 ■180'l90'200 


Fig. Nr. 2. 

Kurven, ■welchc die IQr Kinder vcrschicdcn Alters bcrechnetcn miltleren 
Langen der QT-Dauer wiedergeben. 

unlcr 1 Jahr, X X X =1 — 10 Jahr, oooo = 10 — 15 Jahre alte Kinder. 
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Schlageii berechnel, Avcnn aber cine Arhylhmie vorlag, warden bis 
zu 10 Sclilagen gemessen. Die Mcssung der QT-Daner 
liblicb, vom Anfang von Q (R) bis zum Endc von T ausgeluhrt. 


Die QT-Daucr bci gcsimdcn'Kindcrn. 

Urn einen eventuellen Einiluss des Alters hcrans7,ubringen, war- 
den die gesunden Kinder in 3 AUersgruppen, die unlcr 1 Jaiir 
alien, die 1-lOjalirigen and die 10-15jahrigcn, cingetevU. Zu del 
ersten Gruppe geboren 76 Kinder (200 Ekg), xu der zweiten 59 
Kinder (66 Ekg) und zu der drilten 30 Kinder (34 Ekg). Auf- 
grund der Pulsfrcquenz wurde das Material in verschiedene Gruppen 
eingeteilt, und in jedcr Gruppe wurden die iniltlere Frequenz und 
die QT-Dauerbestimml. Bci dcr grapliisclicn Danslcllung erliiiU inati 
die in Fig. 2 dargestellten Linicn. Die Linien, welclic die in den 
verschiedenen Altcrsklassen crhaltcncn Mitlelwcrtc wiedergeben, 
weiclicn also recht wenig voncinandcr ab und kreuzen cinandcr 
sogar. Nach mcinem Material zu schlicsscn ub( aho das Alter 
bci Kindern keinen Einfliiss auf die QT~Daucr fliis. 

Bei hohercr Frequenz verlaufen diese Linicn sehr nahe an dcr 
Geraden, die durcli die Punklc Freq. = 120, Q — T = 0.28 und 
Freq. = 200, Q — T = 0.20 gezogen ist, sodnss diese Geradc die 
von mir bei Kindern crhaltcncn Mitlelwertc darstcllt. Bci niedri- 
gerer Frequenz kann schon ein Vcrgleich mit den cntsprechcndon 
Mittelwerlen bci Erivachscnen in Frage komnien. Wic Avir spatcr 
sehen Averden, cnlsprechcn die A^on Hccht und KorUi angegebenen 
MittelAA'erte am bcslcn den Rcsultalcn des Verfassers, und ilir 
Unlersuclumgsmalerial ist am umfangrcichstcn. Aus dieseni 
Grunde babe icli den MitlclAvcrt dcr von ibnen milgclcillcn Grenz- 
Averle als Masslab benulzt. Die Geradc, die von dem Punkl Freq. 
= 60, Q — T = 0.40 nacb dem Punkt Freq. = 120, Q — T = 0.28 
A'erlauft, ziebl sebr genau in dcr Mitlc ZAviseben den Amn ibnen auf- 
gestelllen GrenzAverlen dabin. Von dicser Geraden Aveicben die von 
mir bereebneten MillelAvertc bochslcns um cinige Tauscndslcl 
Sekunden ab, sodass also die QT-Dauer bei Kindern und Erwachse- 
nen, falls die Frequenz die gleichc hi, wenigstens praklhch bclrachtei, 
gleich long isL Die DiKcrenzen sind jedcnfalls klcincr als die bci dcr 
Messung \mrkommenden Fcbler. 

In meincm Material sind A^on 147 Madchen und von 153 Knabcn 
Ekg aufgenommen worden. Die QT-Daucr bci Madchen ist mil 
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Riicksiclit auf die Frequenz durchsdmittlich utn 0.0016 Sek, (= 
0.6 %) langer als bei Knaben. Der Unterschied ist also ganz belang- 
los und wahrscheinlich zufallig. 

Die physiologischen Schwankungen sind bei hoher Frequenz 
bei \veiteiTi nicht so gross, wie sie nach Fridericia sowie Hegglin 
und Holzmann sein diirfen. Es ist ja auch naturlich, dass, da der 
absolute Q — T-Wert hierbei niedriger ist, auch die Schwanlcun- 
gen in beiden Richtungen geringer sein rniissen. Aufgrund meines 
Materials weicht der Q — T-Weri in Einzelf alien um hochsiens 10 %, 
vom Mittelwert ab. Dasselbe gilt, wde wir spater sehen -werden, auch 
fiir Erwachsene. 

Die QT-Dauer bei Kindern mil Herzkrankheiten und Spasmophilie. 

Das Material umfasst 35 Kinder, die an Endo-, Myo- oder 
Pankarditis litten (zus. 68 Ekg), 20 mit Klappenfehlern oder ange- 
borenem Herzfehler (22 Ekg) und 7 mit Spasmophilie (10 Ekg). 

Die Messungen erweisen, dass bei Klappenfehlern und ange- 
borenen Herzfehlern keine sichere Abnormitat in der QT-Dauer 
wahrzunehmen ist. Auch bei den Karditiden hielt sich Q — gross- 
tenteils innerhalb der angegebenen Grenzwerte. In 11 Fallen war 
sie jedoch um mehr als 10 % langer als der Mittelwert, in einem 
sogar um 20 %. In einigen Fallen war die abnorm lange QT- 
Dauer auch das einzige pafhologische Zeichen im Ekg. Der grossie 
Teil dieser Yerldngerungen ware beim Gebrauch der friiher dar- 
gestellten Formeln und Grenzwerte innerhalb der normalen Grenzen 
geblieben. Im Durchschnitt -war Q — ^T bei den Karditiden um 0.01 
Sek. langer als bei den Gesunden. Bei den spasmophilen Kindern 
war Q — T bei alien Messungen langer als der Mittelwert, 7mai 
iiberstieg die Abweichung die Grenze von 10 %. 

Die QT-Dauer bei Erwachsenen in Fieberzusianden. 

Wahrend der Aufnahme des Ekg variierte das Fieber der Pati- 
enten zwischen 37.5 und 41°, die Pulsfrequenz zur gleichen Zeit 
zudschen 60 und 170, bei einem Mittelw'ert von 95)4» denselben 
Patienten nach der Entfieberung 55 — 100, durchschnittlich 76%. 
Die Q — ^T-Werte verteilten sich sehr gleichmassig zu beiden Seiten 
der eben dargestellten Mittelwertlinie, von der sie hochstens um 
0.026 Sek. abwdchen. Nach dem Fieber vmrde der Q — ^T-Wert bei 
denselben Patienten kontrolliert und hierbei festgestellt, dass der- 
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selbe bei alien Fallen nacb we vor zu beicicn Scilen dcr MiUchvcrU 
linie blieb imd nur bei zweien um mebr als 0.02 Sck. davon abuic b. 
mUmler, Ab^ctang betrug - 0.003 Sck. Die D f crenr. m 
der QT-Daiier ^Yahrcnd des Fiebers und nacb dcr EnUicbcning 
w also verscbwndcnd klcin; man kann sagen, dass das Firbrr 
kdne messbarc AbnomitSl in dcr Ql'-Daiicr vcrursacht. Wenn 
wir einc solchc fcslstcUcn, Uegl VcrdacM auf Mijokardili}: vor. 


Die QT-Daucr in Rithc und nach Bclaslung. 


Bei 60 gesunden unlcr 45 Jabre alien Yorsnebspersonen ^Yurde 
zuerst Q— T in Rube gcincsscn. Die Frecpicnz sclnvanktc zwiseben 
50 und 100. Die Qc— T-Werlc vcrlciUen sicb dcrarl zu beiden Seiton 
der in Abb. 1 dargeslcllten MiLlclwcrllinie, dass Q — 1' l)ei 26 kurzer 
als der berecbnele Mitlebvert bei 3 genau ebenso gross und bei 31 
liinger Avar. Bei niedrigeren und liohcrcn Frequenzen waron die 
AbAveiebungen in beiden Ricblungen glcicb gross nml belrugen 
keinmal fiber 10 % des i\IiUcl\verles. 

Seilens ihrer KreislauXorganc gesunde Kinder und Fieberkranke 
obne Herzkomplikalioncn baben aufgrund meincr Untersuebungs- 
resullate cine ebenso langc QT-Daucr Avic gesunde lirAvacbscne mil 
der gleicbcn PulsXrcqucnz. Zur Gewinnung cincs cinbeiUicboren 
und anscbaulicbcn Bildcs A'on der QT-Daucr in dic.scn Normalfiillen 
babe icb die bei ibnen erzicUen Mcssungsrcsultalc in cine und 
dieselbc Figur (Nr. 3) cingclragen. Die die Mittchvcrle darslcllcn- 
de Linie ist cine gcbrocbcnc Linic, und es isl offenhar. dass die 


Linicj Avelcbe die QT-Daucr Avicdcrgibl, in der 'J’at cine Kurve isl. 
Dies ist aucb aus dor Figur cnsicbllicb, Avorin die gcslricbcllc 
Linie (- ) den genauen arilbmclischcn aiillchvcrt darstcllt. kb 

babe bcAA-ussl die Beslinimung solehcr Wcrlcangeslrcbt. dielcicbl 
zu beballen und zu A’-crAverlcn sind, Avenn man die AbAvciebungon 
der QT-Daucr vom MillelAvcrt und die Grenzen lierecbnel, intmr- 
balb Avelcber sicli dieselbc norinalcrwcise biill. DesAvogon siiul die 
^\erte in geraden Zablcn beslimmt Avorden. Die nacb dcr gcbrocbc- 
nen nne bcslimmlen Wcrle Avcicbcn an keiner Slcllc mebr als 

MiUcirV'"',''"’®' Sckiinto, voii tie, 

den mn- cine, Hn.cl.lcil ven, 

dc, „al,rscl,e,nl,ci,c„ mcssungsleciniisci,™ Fol,Ier In'ldo,, n|,n 
pralcl,sch Mangles Sind ranrai, also 
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0-T 



Fig. Nr. 3. 

Messungsresultate bei gesunden Kindern und Erwachsenen in Ruhe. 
= arithmetische Mittelwertkurve. 

die Linien, -welche die in geraden Zahlen abgerundelen Mlttel- 

werte und die um ± 10% davon abweichenden V\ierte darstellen. 


Die Durchschnittswerte bei den verschiedenen Frequenzen sind 
fiir die QT-Dauer nach meinen Untersuchungen folgende: 


Frequenz: 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 
QT-Dauer: 40 38 36 34 32 30 28 27 26 25 24 23 22 21 20 
(in 1/100 Sek). 


Den Durchschnitlswert der QT-Dauer kann man auchdurchfol- 
gende moglichst ein.fache Formeln ausdriicken: Wenn die Frequenz 
60—120 ist, 

Q— T = 52 (in 0.01 Sek.) 

0 


und wenn die Frequenz 120 — ^200 ist, 

Freq. 

q_-T = 40-^ 


Die grosslen Abweichungen beiragen hochstens 10 % von den angege- 
benen Werten. Alter, Geschlecbt und Korperiemperaiur vcnirsachen 
keine messbaren Differenzen. 

Bei einem Vergleich der von mir erhaltenen Resultate mit den 
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fruher dargeslellen Formeln bemcrkcn Avir dcuUiche und cntschci- 
dende Unterschiede. Die aus der Forinel von bndcricia hercch vu- 
ten Werte sind bei niedrigen Frcqucnzen zu Idem imd bei Imhen % le 
zu gross. Die Werle Bazelts sind bei holicn Frcqucnzen tauglicb. 
aber bei den Frcqucnzen 70-100 dcullicb zu Klein. In mein Mate- 
rial gehen mebrere Falle ein, die nacb Hegglin und Holzmaun 
palhologiscb sein Avurden, innerbalb dcs von Hccbl und Korlh 
untersuebten Frequenzgcbicles lallen meinc RcsuUalc in der Mittc 
ZAA-iseben die A^on ihnen angegebenen GrcnzAvcrlc. So grosse Ab- 
Aveiebungen vom MiUehvert aHc dicse Forseber babe icb indcssen 
niebt angetroJtfcn. 

Nacb Belaslung baben die incislcn Forseber cine abnorm A’cr- 
kurzte QT-Dauer gdundcu. Wenn man, Avie es allgcmcin gcschehcn 
ist, die Werte von Fridericia als Masstab bcnutzl, gilt dies aucli in 
bezug auf meine Ergcbnissc. Vor Bclastung batten 48 \’on GO 
Untersuebten ein liingcrcs Q — ^1' als der Fridericiasebe Wert, nacb 
Belastung nur 3, also 57 ein kurzercs. Ein ganz andcrcs Rcsultat 
erbalt man jedoch, Avenn man die nacb Belastung gemessenen 
Werte mit den eben A'on mir angefiibrlcn Normalwcrlen A'cr- 
gleicht. Die 10 Sek. nacb Belastung Icslgcstclltcn Q— T-Werte 
entsprechen im allgemeinen ungelar genau der dann A’orkommen- 
den scbnellen Frequenz. In cinigen Fiillcn ist jedoch cine nbnorme 
Verkurzung zu beobaebten und z\var dann, Avenn die Frequenz 
nur AV'enig bescbleunigt ist. Die Verkurzung nbcrstcigl aucb dann 
niebt oft die als normal anzuspreebende Greuze von 10 %. Durcli- 
scbnittlicb Avar Q-T urn 0.009 Sek. kiirzer als der bercchnete 
Mittehvert. In 30 Sek. nacb Arbeit anfgcnommencn Ekg tritt 
die Verkurzung deutlicbcr in Ersebeinung. Q— T ist nu'nmcbr 
0.018 Sek. zu kurz. Eine abnormc Verkiirzung batle bei denjeni- 
gen stattgefunden, bei denen die Pulsfrcqucnz rascb gesunken van 
Q— T Avar der ein Avenig friiber aufgclrclcncn Frequenz ent- 
jretad geWieben. Dicselbc n™baclil,n,g bo,m(e ,na,, „ocl, in 
den 1 Mm. nacb der Arbeit aiirgcnmmnincn Ekg anstelicn. Wiilirond 
del Mgcndcn Mimitcn, bcgaiin dcr Pals sirli bei vicicii erne, it zu 
besc ileimigen, msbesendere bei soiciien, bei denen cr sicii ,ciir 
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.^lan kann sagen, dass die QT-Daiicr nach dcr Bclashmg im allgc- 
meinen der Frequenz cnispricht; abcr wahrend dcr ersicn Minuten 
jindci man bei Personen, bei denen sich die Frequenz rasch verlang- 
sami hal, ein abnorm kurzes und wahrend der ndchslfolgendcn Minuten 
wiederum bei einigen .ein abnorm langes Q — T. Dies kommt bei 
solchen Personen vor, bei denen die Frequenz von neuem zugenommen 
hat Hieraus geht hervor, dass die QT-Dauer, ob-wohl sie im allgemei- 
nen von der Frequenz abhlingig ist, doch raschen Schwankttngen 
derseiben nicht foigt. Die Erscheinung findet ihre Erklarung 
wahrscheinlich darin, dass der chronotrope Faktor beim Schwan- 
ken des Vagosympathiko tonus- ■wiefruherfestgestelltwordenist — 
am empfindlichsten auf das Herz einwirkt. Derseiben Ersclieiming 
begegnen wir auch bei Betrachtung der irn Zusammeniiang mit 
der respiratorischen Arhythmie und Stellungsanderungen auftre- 
tenden Veranderungen. Es isi also zu beriicksichtigen, dass die Vr- 
sachc einer abnorm verldngerlen Oder verkiirzlen QT-Dancr einjach 
in den im Uniersuchungsaugenblick erjolglen raschen Frequenz- 
schwankungen liegen kaiin, wie sie bei neurolabilen Patienten sogar 
sehr oft vorkommen. Die Veranderung ist natiirlicb dann belanglos. 

Die mit 10 zu Untersuchenden angestellten Versuclie erwiesen, 
dass die Grosse der Belastung keinen Einfluss auf die QT-Dauer 
ausiibt, wenn man die Verschiedenheit der Frequenz in Betracht 
zieht. ReindeJ] hat insbesondere bei erschopfenden Belastungcm 
die icli bei meinen Versuchen nicht angewandt habe, Unterschiede 
wahrgenommen. 

Die QT-Dauer bei alien Personen in Ruhe und nach Belastung. 

Das Material wurde aus solchen Patienten ausgewahlt, bei denea 
geringfiigige subjektive stenokardische Besch-werden, holier Bliit- 
druck, Symptome einer Koronarinsuffizienz im Ekg oder holies 
Alter ohne diese Sym.ptome vorlagen. Das Alter dcr Untersuch- 
ten schvankte zulschen 45 und 75 Jahren, der Blutdruck zwiseben 
110 und 270 mm Hg, bei einem Mittehvert von 163 mm. In Ruhe 
ivar die QT-Dauer durchsclmittlich um 0.011 Sck. liinger ais die 
normale aber mir in einem Fall ivurde ein deutlich abnormer, also 
um mehr als 10 % abveichender "Wert angotroffen, Audi nach 
den vorgenommenen .statislischen Berechnungen ist die festge- 
slellte Verliingerung zuverliissig. Bei der getrennten Untersiichinig 
dcr QT-Dauer bei unler und uber 60 .Jahre alien Personen vnrdc 
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kein 


aes Blutdrucks in drei Gruppon , 

g.t™nt die dnrci,scinnlt,ici. nrenn™. 




also nffc/i mcincm Material heinen inmiKdbarcn Linfluss auf Q 


Daucr am 


0.09 


Die QRS-Zeit hclrug bci den Unlcrsuchlcu inv Durchschmlt 
Sek bei den jungen Personen dc.s .Malerials O.OSl. Die Diffo- 
somil geringer als bci der QT-Daucr. Audi bei dmijeni- 

^ 4--. A 1 t\‘nr 


renz ^va^ ,, 

vclclien die QT-Daucr untcr 0.1 Sek. l)bcb, war djc.H’Ihe 

* 1 ^ 


langer a]s bci den jungen Pcr.soncn. Die Verk'ingerung vc 
verleiUe sicli also auf die QRS-Zcil und das S-kndc f. 

Die verltingerlc QT-Daucr isl als cine Rcaldion dc.s gesrhiidig- 
ten Myokards zu belrachlcn. Es kann sick uin Myokarditis oder 
um cine clironische, von maugclliaRcr Nutrition dcs Mu.skels hcr- 
riilirendc Degeneration liandcln, vie es in dem vorlicgcndon Material 
der Fall var. Aiich cine akut entstandene Kckrose kann die QT- 
Daucr nachgcwiescncrmasscn vcrlangern. 

Die Vcriindcrungcn nach Belaslung veiclicn iniiiimal von tien 
bei jungen Personen festgeslclUen ab. Die QT-Dniicr hlieh wiihr- 
end dcs ganzen Versuebes ebenso wic in Rulio ca. 0.01 Sek, liinger 
als im cnlsprechcndcn Vcrsucliszcilpunkt J)ci jungen I’ensonen. 
Sofern Untersebiede iin Vcrglcicb mil jungen Pensonen vabrzu- 
nebmen sind, untcrscbciden sic sicb eber in der Hin.sicbt, dass bei 
den Alien veniger alniorni vcrkiirztc und abnorin vcrliingorle 
Q— T-Werte konstalicrt werden, was offenbar dnniufberubt. da.ss 
bei dicsen kcinc so raseben Frequenzscinvnnkungcn vorkommen, 
im Zusammenbang mil wclclicn bci jungen Personen abnorme 
Verandcrungen angelroffcn wurden. I-ig. 4 zcigl die Scbwajikun- 
gen der Pulsfrequenz und der QT-Daucr bci jungen und niton 
Personen nach der Belaslung. An! der Y-Acbsc isl !nd dor Froqu- 
enz die ihr enlsprccbcnde normale QT-Daucr verinerlct. sodns.s 
man aus dem gegenseitigen Vcrbiillnis der dic.se dnrstollondcn 
Kmwen ersiebt ob Q-T liinger oder kurzer ais dor Konnahvert ist 


bei w< 


eon Q-T 
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Pv. O-T 



Fig. Nr. 4, 

Schwankungen der Pulsfrequenz und der QT-Dauer zu verschiedenen Zevl 
punkten nach Belastung; Mlttelwerte der Messungsresultate. 

— Pulsfrequenz, = QT-Dauer. 

Oben die jungen, unten die ttber 45 Jahre alien Personen. 


Avird, nicht geniigt, um abnorme Veranderungen in der QT-Dauer 
hervorzurufen. Bei einigen an schr^Trer Stenokardie leidenden 
Patienteti -wurde eine ahnliche Belastungsprobe angestellt, uud 
obgieich bei manchen von ihnen ein schwerer Angina-pectoris-aniall 

walirend der Probe entstand, war Q — T auch dann von norinakT 
Lange. Aufgrund des Obigen kann man sagen, dass man bei dem 
Bestreben, eine beginnende Koronarinsujjizienz zu diagnosfizicTen, 
von der Messung der QT-Dauer keine Hilfe hat, unabhdngig davon oh 
das Ekg in Ruhe oder nach Belastung aufgenommen warden ist. 


Q — T und die respiraiorische Arhgihmie. 

Bei den Kindern meines Materials war scbon in Ruhe und bei 
Jungen Erwachsenen nach Belastung oft eine respiratorische Arhyth- 
mie zu konstatieren. Bei 40 Kindern war diese so ausgepragt, dass 
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zAvischen der Wirzcslc. ....<1 ISngslen Periode cin ™ 

Ober 0 1 Sck. bcsloml. Bd 22 von GO Lr.vacbso.icn liat ™c .sole c 
Miibrend der ersten Wei Mimiton nach dor .Xrbo.l anl. ^ 

QT-Daner bd diesen in OHidier Wcisc gemessen "ini, s'cHt ' ™ 
test, dass sie fast ausnahlnslos'bd alien Icfirzcr als normal isl. .Selbs 
bei oft anflrctcndcn grossen Sclwanluragcn dcr Penode lilciM 

Q t; n^eistens die gauze Zeit inivcraiulcrt. Biswcilcn wire! esje- 

dodi v’ahrcnd des Exspiriums 0.01 Sck. liiiigcr. Bic von Schlomka 
und Hausen -walirgcnommene paradoxc Vcrliingcmng von Q—l 
wahrend des Inspirinms liabc ich kein einziges Mai hcoliachlcl. 
Die QT-Dcimr cnispricht schr genan dcr schneUen FregiicJiz withrrnd 
des Jnspiriiims; durch die cxspiralorisclie BradgUordic wird sic 
nielli veridngcri, sondern Q — T kann Avjilircnd dos };,xspiriuins sogar 
nm 30 % abnorm vcrkiirzt scin. 

Audi dieser Umsland crwcisl nioinos Hradilens. dass die Ver- 
anderungen in der QT-Daucr sidi langsamcr als diejenigen in dor 
Frequenz vollzicbcn, \vic man beim Bclradilon dcr \’or;indcrnngeu 
im Anschluss an Bdastung bcmcrkl. Q — 1 ' pass! sidi dor .sdindl- 
sten Frequenz cnlsprcdicnd an, damit die Dinslolc andi ^Y;\brcnd 
des Inspirinms geniigend lang blcibl und die Fiillung <lcs Morzons 
nicht ersclnvert wird. 


Die QT-Daucr beim Slciicu, 

Die Anpassung des Krcislaufsystcnis an die Veriindorungen dor 
Korperstdlung vcriangt cin grosses Ininklion.svennugon dcssolbcn. 
Das VerhaJten der QT-Daucr zu den Frcqucnzsclnvankungen ist. 
relaliv wenig untcrsucht worden, und die Ergebnisse siud widor- 
sprechend. Nach Schlonika und Hcindcll Jindol. man gloirli inch 
dm Aidstchcn cine bedeuiendc Vcriangerung von Q-T. weleher 
Authoren boi dcr BcurlciJnng des Funldionsvermiigcns des 
Herzens grossen Wert beimessen. Nach Janzen (1038) konunt 
ihr jedoch keine Bedeulung zu. 

Bei den jungen Per.soncn mcines .Malcrials bcschlcuninlo sioh 

tecibc„''St '2-’' '•‘■'■I'n'-iiic Aid. ii. 

tpiiler ,var dcr P,.k m In! Stl,-. 

Q-T entn-oder ^ovordnd.fr ::err ' 
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sodass sic ziemlicli genau tier Frequenz cnlsprach. Fine lialbe 
Minnie spiilcr war tier Zustand wie zuvor. 

Bei Koronarsklcrolikern verkiirzle sick Q— T gleich nach dem 
Anfslchcn inn annahernd ebenso \acl wic bei den jungen Personen, 
aber die Pulsbescblennigung war im allgcmcincn gcringcr, sodass 
die abnonne Verliingemng liei den cnvahnlcn Patienten weniger 
denllicli liervorlral. Wabrend dcr folgcnde !Minutc blieb die Fre- 
qnenz im allgcmcincn unvcranderl, Q — T vcrkiirzlc sich ein wenig. 

In beiden Gnippcn war also die QT-Dmier glcich nach dem Auf- 
stehen abnorm lang, aber bei vielcn hcrzgesimdcn jungen Personen 
war die Abwcichimg vom Normakn grosser als bei den Koronarsklero- 
iikern. Q — passto sicb jedocb der Freqiicnz sclion nach Yerlauf 
von einer halbcn Minute an, sodass das Slebcn an sicb keine 
Andcrung vernrsaebt. Mcines Eracblcns bandcll cs sicb aucb bkr- 
bci um cine vcrspiilclc Anpassung dcr QT-Dauer, Beim Beurleilen 
der Fnnktionsfabigkcit ties Herzens komml dieser Erscheinung 
mcines Eracblcns keine Bcdculung zii. 

Summary. 

Studies on the QT duration of the electrocardiogram. 

Tbe material of tbc aulborconsislsof 383 persons, of whom alto- 

getber 1812 clcclrocardiograms liavc been taken. Of tbe examined 
persons 227 were cbildren, of whom 165 were bcalthy, 55 were suf- 
fering from organic bcarl disease and 7 from spasmophilia. An 
electrocardiogram was taken of 60 soundbcarled lest patients under 
45 years of age at rest, 10, 30 and 60 sec. after standing up and of 
tbe same persons after 10 and 30 seconds and also 1, 2, 3, 5 and 10 
minutes after exercise, wbicb caused a distinct sbortness of breath. 
A similar test was made to 50 persons over 45 years of age, of whom 
a large part bad bigb blood pressure, mild stenocardiac pains or small 
ebanges in electrocardiogram due to coronar}'^ sclerosis. 

According to tbe author, children of all, ages and adults under 45 
years of age have tbe same QT time provided that tbe frequenej 
is tbe same. Tlie QT time varies according to tbe frequency as 
follows; 

Frequency: 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 
. QT time; 40 38 36 34 32 30 28 27 26 25 24 23 22 21 20 
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The same IWng can be expresaod by Xolloaving ann,.««MioaMbIc 

formulae; If Uic frequeucy is below 120, QT - 52 — - > i 


jrcqiicnaj 

the frequency is over 120, QT - -10— 


The individual 


cases differ at most 10 per cent from the average. I here is no (lis- 
iinci difference between the sexes. Urn fever docs not cause any ob- ^ 
vious changes. 

After the exercise young persons had usually ns long a QI 
lime as at the corresponding frequency at rest. If the pulse rale 
suddenly fell, an abnormal relative shortening of the QT time 
could be observed after such a- fall. If the rate during following 
minutes increased anew, as it often did, the QP time remained 
abnormally long. 

The abnormal changes were most distinct in persons, who hatl 
respirator}'^ ariydlimia. In this case the Q'P lime corresponds to the 
inspiratory rapid frequency, llic same thing was obsciwcd in child- 
ren. 

If the rate after standing up .suddenly increased, a distinct 
relative prolongmcnt was observed in the QT time, wln'cb proiong- 
ment disappeared during following % mintilc. The above mention- 
ed abnormal changes in the QT time may be due to the fact, that 
the changes in it occur 10 — .30 seconds later t!)an in frequency. 

Tlic QT time of the old jxersons of -the material w-.m at rest 


approximately 0.01 sec. longer lljaii the Q3’ time of the young persons. 
The changes after exercises and standing nj) did not csscntiallv 
differ from the changes found in young persons. Although these 
persons had relatively much wor.se eoronant' circulation than the 


young per£on.s, at least this amount of anoxia attained in a regular 
exercise test did not cause any abnormal changes in the Q'l' lime. 

The examinations of ill children .show, that the QT time in most 
of the palicnl.s .suffering from .spasmophilia and in a part of the 
patients suffering from m 5 'ocarditis was almormally long, the 
mcrease exceeding tl.e above-mentioned normal range of variation 
0 10 per cent. So this range .seems to suit the clinical use. Accord- 
ing to previously presented formulae, not very many of Uie cases 
could have been considered jialhologieal. 
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Intermittent claudication and vascular spasm. 

II. Can intermittent claudication be due to vascular spasm 
without accompanying structural disease of the arteries? 

»y 

TORSTEN LINDQVIST, M.D. 

(Suljiisiltod for [uihlk-.-Ulon .Mordi Jo. tOiri), 


Many of the autlior.s wlio have adopfed Uic tfioory that vascu- 
lar spasm is a gcnclic factor in intermiltcul cl.audicalion consider it 
quite possible that the syndcoino may also occur in persons uilh no 
structural changes in the arlcric.s. 

This belief Ava.s first advanced iu the form of a theory by Ojqien- 
lieim (1), althongli he \s1\s unable to base bis opinion on any dofi- 
nilcly established facts. Cases of intermittent claudication where 
llic symptoms were interpreted as being due to arterial spasm 
without concurrent structural disease were later reported by 
Wcslpbal (2), Curschmaim (3, 4), and Qpj)eid\eim (5). .Since then, 
the existence of this ^purely angiospastic form" has been largely 
acknowledged by. the writers of llic Gorman textbooks. (Cf. Cassi- 
rer and Hirschfeldt, (G).] However, as far as 1 can find, liiere have 
been no new casc-s described in the European lileralure .since the 
time of these publications. In the. United Stale.s, Pearl (7) has 
reported on 0 cases in wliicli be believed the intermit ienl claudi- 
cation to be due solely to arterial spasm, and he came to the. con- 
2G — Acta mcd. scandinao. Vol. CXXI. 
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elusion Uial sangiospastic claudication may occur in patients who 
have no organic arterial disease'). If the purely angiospastic form 
Avere a common condition, as Curschmann (8) believes it to be, it 
vonkl probably have aroused more interest. Leriche (9) denies its 
existence. He saj's; ))La claudication intermittente ne se voit que 
chez les arteriliquesi). 

In what measure, then, can -we regard the above-mentioned 
observations as conclusive? There is no doubt but that, in the cases 
reported, the patients disj)laycd the syndrome of intermittent clau- 
dication. If it were proved that the vessels were normal there could 
be no other way of explaining the symptoms than to assume that 
the blood supply was impaired onlj’^ owing to arterial spasm. At 
the time when the earlier of these observations were made, however, 
there were fcAV possibilities for diagnosing structural disease of the 
arteries with certainty. Tlic fact that, in some patients, the pulse 
is some limes distinguishable, sometimes absent, is no proof that 
the arteries are normal, since a palpable pulse is sometimes present 
even when the patient has severe arterial disease [Ratschow (10)]. 
And the absence of signs of calcification on an ordinary radio- 
gram of the legs does not prove that there is no arteriosclerosis. 
Some autliors quote as a proof that a simple spasm was in ques- 
tion the fact that the pains disappeared again after a time. This is 
not conclusive evidence, seeing that, as is generally known, the 
condition sometimes recedes again in certain patients with inter- 
mittent claudication due to advanced arterial disease. This fact is 
stressed by Oppenheim (5), for example, in his paper describing 
his two »proved» cases of the purely spasmodic form. Pearl advan- 
ced as a proof that his patients were not suffering from organic 
arterial disease the fact that they all showed a normal vasodilata- 
tion response after posterior tibial nerve block. This feature alone 
cannot be regarded as sufficiently conclusive evidence, however. 
Morton and Scott (11) have described G patients with intermittent 
claudication who all had a normal vasodilatation level when exa- 
mined by this method but who all had obvious signs of structural 
disease of the arteries. One of Pearl’s owm cases had ))slight calci- 
fication of the foot vessels on the right, moderate on the left)). Arte- 
riographic and oscillometric examinations were not carried out in his 
cases. It must be said regarding some of the cases reported as being 
examples of tlm spasmodic form of intermittent claudication that 
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il is hardlv likely lhat they could have been Irec from slniclund 
disease of (he arlcries, and vilh regard lo olhors, Ihnl Ihe aig - 
mcnls advanced to support the theory that there Avas no aileua 


disease are inadcciuale. , 

Concerning the features cited as a proof of arterial spasm m 

these cases, the reader is referred to the criticisms Nvhich 1 have 
already advanced in a previous publication [Lindqvisl, (12)]. 

In my own investigations on eases of intermit lent limping, I 
have proved that in patients with structural changes in the arte- 
ries a noticeable decrease in the blood flow to the muscles of the 
calf can occur in the working limb. Ibis can also occur in patients 
with only a slight degree of arterial obstruction. (Cf. ease 8 in the 
above-mentioned publication.) 'ibis finding gives rise once again 
to the question of whether an arterial spasm might not also cause 
intermittent claudication in patients in whom arterial changes arc 


whollj’’ absent. 

For the'past nine months I have had under observation a pati- 
ent in whom, bcj’ond all doubt, there appears during exercise a 
definite reduction in the pulsations in both legs but in whom no 
disease of the arteries has been discovered. 


Report of a case. 

B. B., a seaman aged 3!) years. Record no. 1 13n/M. 

He liad previously always been lieallliy, ajiarl from llie fact that ho 
Jiad spent (wo periods in hospital on account of stomach (rouble yielding 
110 objective signs. He denied (lie po.'j.sihility of venereal infection and had 
not used alcoliol immoderately. For nvauy years he had smoked about 
twenty cigarettes a day hut lie had recently reduced his consumption to 
about ten a day. 

In October 1943 he noticed llial after walking fast he had pains in the 
right foot, calf, and thigli, and that liis leg fell numb. This discomfort soon 
subsided when he slopped walking. During (lie succeeding six months the 
pains grew worse, until at the. beginning of May liDl, he could oiilv walk 
oOO-GOO metres at an ordinary pace before experiencing the pains- if ho 
walked fast the pains appeared after .GO-ioo metros. Ten minutes now 
often e apsed after lie slopped walking, before llie jiains disajuii-ared 
Some time after Uiis, .similar paims, (hough in a milde,: form, hegan id ho 
experienced in the loft log also. ” 

Fire'S'’)- hospilaliml on May 5, iDii in the 

First Medical Clinic of Satilgren’s Ilospil.al, and has ^ince (hen 1,'on 
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admit led there on several different occasions. Between these periods in 
hospital, as well as subsequently, I have had him under observation as an 
ambulatory patient. 

He is a thin man of rather frail build. The routine physical.and neuro- 
logic examinations yielded nothing of interest. The blood pressure was 
145/85. He was flat-footed in both feet. The Wassermann and other reac- 
tions in the blood serum were negative. The basal metabolic rate was plus 
If) .per cent. 



: Oscillations before work. 

1 0 min. after work. 

5— 6 » * ’ 

8 — 9 » ‘ ’ 

11—12 » * ’ 



The pulse was readily palpated in both legs, 

popliteal fossa, behind the „mrl and more diffi^^^ 

foot, up to September 1944. After that it b ngeember 1944 it has 

to distl^nguish the pulses by palpation, and 

usually only been possible to „.g,e carried out with the 

Oscillometric examination. — All me wbis diverge in any 

apparatus devised by von Recklinghausen. ^ j ^ 5^ is easier to 

eLential details from Pacbon’s well-known apparatus, 

handle. . . j mo fbickest part of the left 

Tracings taken ivitli the cuff placed rou d 1944. On the 

calf were as a rule 20—25 mm m size ^ instances they 

right side, the tracings were somewhat snial , t 
went as high as 17-20 mm. If he walked 20-30 metres, 
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“""op U.e 0.„ep ,.»d it ti.e »— ^ 
after he had walked so far and so fas tracings obtained 

U.e respHs ivere entirely different F.goro 1 sl.o'» ^ g 

atfer one of these examinations, AVhicll 'y^ ™ J ,,e j,ad 

fheivalh, the highest ‘““"f . only 4 

walked for 15 minutes on a hilly road the largest tracms^s 



Fig. 2. Oscillometer values from the right calf after novocaine block of the 
right lumbar sympathetic chain. 

— X X — Oscillations before work. 

— •— < • — » 1 — 2 min. after work. 

_<^ <3 <]_ „ 4— C » » » 

— o o o — » - 7 — 9 D 0 0 


mm. The decrease in the tracings was more noticeable with the higher 
pressures than with the lower. Within a period of about 15 minutes the pul- 
sations gradually returned to their original size. The results were essen- 
tially the same in many different tests carried out on various occasions. 
Similar results to those obtained from the right calf have’ also been obtain- 
ed from the left calf and from the thighs. While he has been under obser- 
vation, however, the pulsations in the working limbs have on the whole 
become gradually smaller, and it is taking a longer and. longer time for 
the pulsations to return to their initial values. Furthermore, during the 
observation time, the pulsations in the resting limbs have also tended to 
decrease. In January 1945, for instance, oscillations in the calf were often 
only S— 10 mm after the patient had been resting for several hours They 
were sometimes stronger over the right calf than over the left, some- 
times vice versa, and they showed many divergences from examination to 
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examination without there being any outward signs lo account tor these 
variations. 

On June 13, 1944, an oscillomelric examination was carried out on 
the resting and working limbs directly after the lumbar portion of the 
sympathetic chain on the right side had been infiltrated with novocaine 
solution (Dr. E. Moberg). That this intervention had had the desired effect 
was proved by the tact that the temperature in the toes of the right foot 
rose to 32 33° C. within 20 minutes of the injection. The results of the 
oscillometric tests are shown in figure 2. It will be observed that there was 
a noticeable decrease in the pulsations in the right calf after exercise, and 
that only after some time had passed were the pulsations back at their 
former level. The exercise was the same as that performed in the experiment 
shown in figure 1. 


Measurement oj the sldn temperature in the toes. 

a) After blocking of the sympathetic chain in the lumbar region. As I have 
just mentioned, this intervention resulted in a rapid rise in the skin tem- 
perature in the toes on the same side. On the other side, there was only a 
slight rise in the temperature during the same space of time. A Tykos 
oDcrmathermi) (a copper-constanlan element) was used for the measure- 
ments of the skin temperature. 

b) After spinal anaesthesia. On Aug. 10, 1944, spinal anaesthesia was 
produced, the loss of sensibility being complete in both legs. As a result of 
this measure, the temperature in the toes rose to values of between 33.5° 
and 35.7° C, no difference being observed between the right and the left 
side. This experiment was repeated on Feb. 3, 1945, at a time when the 
peripheral pulsations in the Icgsw'cre indistinguishable. The result was the 
same as before. 

c) With a body temperature raised through immersion in a hot bath. For 
the past four years I have been carr\'ing out this experiment in the follow- 
ing manner. The patient first sits for ten minutes with his feet in water 
having a temperature of 15° C. After his feet have been removed from the 
water and dried, measurements of the skin temperature in the foes are taken 
for a few minutes b}^ means of a Tykos Dermatherm. After that, the pati- 
ent is made to sit crosswise in a bath tub filled with water having a tem- 
perature of 43° C, his trunk and thighs being immersed in the water while 
his lowmr logs and feet are outside the tub. The measurements of the skin 
temperature in the toes are then continued. Figure 3 presents the lesults 
of an experiment of this kind carried out on May 31, 1944. The temperature 
in all the toes rose rapidly when once the rise had fairly started. The rallies 
obtained from the toes in rvhich the rise was most rapid as well as ihose 
from the toe showing the slowest increase in temperature have been in- 
cluded in the figure. The other toes all showed practically the same 
rate of increase as the first-mentioned toes; onl}^ the right big toe lagge^ 
behind a little. The temperature in the patient’s rectum had risen to 40.1^ 
G by the close of the experiment. The room temperature was 22 G uriiio 
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Fig. 3. Temperature of the toes Tvilli rising body temperature. 

Li temperature of the 1st left toe 
Rj D .» » » right toe 

Rj n » » 4th » ” 

4- immersion of the body into the hot bath. 

the examination, (As a rule, during these experiments, I try to keep the 
room temperature at 15° C in order to be able to compare different curves 
with one another, but in this instance, owing to the time of year, it was 
not possible to achieve such a low temperature. However, as regards the 
essential features of the curves, the room temperature is of no consequence 
for the final assessment.) The same experiment was carried out on Jan. 12, 
1945. Once again a rise in the temperature of the toes was obtained which 
must be described as fully normal both as regards the final temperature 
and the appearance of the temperature curve during the rise. 

Arieriographic examination. On July 26, a percutaneous arteriographic 
examination of the vessels of the right leg was attempted, but unfor- 
tunately, the injection fluid flowed out around the artery. The attempt was 
repeated on Aug. 10, and this time the femoral artery was exposed. The 
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Fiy. Arlcriogranis of llio Icfl leg with 35 pcrabrodil. 

intervention was carried out under spinal anaestliesia which was made 
so complete that both tegs were totally insensible. The contrast medium 
used was 35 per cent porabrodil .solution. The radiograms showed normal 
filling of both the femoral artery and the arteries of the lower leg. 

On Feb. 3, 1915 an arleriograjdiic examination of the left leg was carried 
o\it after exposure of the femoral artery on the left .'.ide. As will be seen 
from the illu.of rat ions, the vessels are normal (see figs. I a and -lb). 


Discussion. 

a) Is this n case oj iniermillent claudicdlion of (he pmchj angio- 
spastic lijpc? Oscilloniclric examination of tlic working limbs reve- 
aled that during exercise liiere was a strong decrease in the size of 
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,l,e pulsations both in the thighs and in the 

that arterial spasm can be the only explanation of this reduction 

in the pulsations. . , 

If this assumption is correct, the question then arises ^vhether 

the spasm in this case Avas caused or facilitated by structura 
changes in the arteries or whether it was merely a matter of a 
spasm in vessels that were otherwise normal? 

Judging from the literature and from my own experience, tne 
oscillations obtained during the first period of observation were 
within the normal range. [Cf. Ratschow, (10); Philippides, (13).] 
TJiey were closer to the lower borderline value than to the upper, 
however. Similar values can be observed also in patients with 
proved arterial changes. Reasoning from the size of the oscilla- 
tions, therefore, it could be said that the vessels might ver}’’ well 
have been normal, but not that they actually were so. The decrease 
in the oscillations in the resting limbs during the observation 
period caused me strongly to suspect that structural disease of the 
arteries was developing. 

The arteriographic examination of the vessels of the tliigh and 
lower leg revealed no pathologic features. At first sight, this would 
seem to indicate that the blood flow was normal, but it is not 
absolutely certain that such was the case. As a matter of fact, it is 
quite possible, under certain circumstances, for the flow of blootl 
in the legs to be defective despite the fact that the vessels are nor- 
mal. This is the case, for instance, in stenosis of the isthmus aortae. 
[See Lewis, (14).] I myself have encountered a patient with very 
severe intermittent claudication in both legs and ulcers on one 
foot who yielded absolutely normal arteriograms from the vessels 
of the leg. In this case there was in all probability some obstruc- 
tion in the aorta. Very, small pulsations were also obtained by 
oscillometry, and these are likewise the common finding in pati- 
ents with stenosis of the isthmus aortae. Thus, taking into consi- 
deration the good -pulsations in his legs, during the earlier part of 
the observation period, when he Avas resting, it is highly improbable 
that there could have been at that time any obstruction to tlic cir- 
culation in the aorta in the patient under discussion in this paper 
Nor docs it seem likely that the small pulsations occurring to, yards 
the end of the observation period, when the patient was at rest 
could have been due to the fact that some abnormal process oJ 
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siiffidenl severity to cause such a powerful disturbance in the flow 
of blood to the legs liad developed in the aorta. 

When measurements of the skin temperature in the toes were 
taken after spinal anaesthesia, lomperatures of between 33° and 
35° C. were obtained in this patient. This finding has often been 
cited as a proof of the fact that in cases of this kind there can be 
no question of structural cliangcs, but only of a ])urely spasmodic 
condition. [Cf. Gask and Ros.s, (15); Ratschow, (10); Homans, (16).] 
But this is no more a rule without exceptions than the matter of 
the artcriographic findings. I have observed a case where, after 
spinal anacstlicsia, the above-mentioned temperature elevation 
was observed but where artcriographic examination disclosed the 
presence of a calcified thrombus which was wholly occluding the 
femoral artery in the middle of the thigh. In this case also oscillo- 
metric examination yielded tracings showng greath' decreased 
pulsations in the calf, and measurement of the skin temperature in 
the toes, with a raised body temperature by the method already 
described in this paper, revealed a much delayed temperature ele- 
vation in the affected leg as compared with that in the sound one, 
although the rise finally stabilized itself at the same value for 
both legs. It seems to me, therefore, that the last-mentioned type 
of examination is superior to that by which the rise in the skin tem- 
perature is measured after spinal anaesthesia, since "vsith my tech- 
nique it is not onh' the end result but the form of the rise also that 
can be determined. 

However, as the measurements of the skin temperature in the 
toes, both after blocking of the lumbar sympathetic nerves and 
after spinal anaesthesia, as well as after raising of the bod}’’ tem- 
perature, yielded absolutely normal values, a fact which can be 
interpreted as a proof of an exceedingly good blood flow when the 
vessels were dilated to their maximum extent, it must be said that 
it is very unlikely that obstructive arterial disease causing impair- 
ment of the blood supplj’^ could have been present. 

Thus, the results of the different examinations taken separately 
proHde no conclusive proof of freedom from structural changes in 
the arteries, but the combined result of all these investigations car- 
ries considerable weight as evidence to this effect. 55ith our present 
diagnostic aids, this is about as far as we can expect to come in an 
attempt to rule out possible structural changes in the arteries. 
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There is sliU the possibility, hoAvever,-.thal disease of the arterial 
Avails Avithoiit obstruction of the vascular lumen may have been 

The value of oscillomelnj afler exercise. The patient described 
in this paper, vho was complaining of pains from intermittent clau- 
dication, yielded no pathologic features when he first presented 
himself even though he was submitted to exhaustive examination. 
Oscillometric examinations on the resting limbs, artcriographx, 
and measurements of the shin temperature under varying circum- 
stances furnished nothing to indicate the presence of arterial 
disease which might have served as the explanation of his pains. 
It seemed almost as though the condition was merely an aggrava- 
tion of his flat-foot discomfort. 

It was only when oscillometr}’’ was applied in connection with 
exercise that an objective sign to account for the severe pains could 
be discovered. During exercise, there was such a strong decrease 
in the pulsations that the necessary consequence was a high degree 
of ischemia in the working muscles. 

This method of examination must therefore constitiilc a diag- 
nostic aid of the utmost value in certain cases of intermittent clau- 
dication. It is mentioned iii the French textbooks {sec Parisol and 
Cornil, (17)], but it is overlooked in such exhaustive monographs as 
those by Cask and Ross (15), Lewis (14), Sunder-Pla.ssmann (18). 
RatschoAV (10), and White and Smilhwick (19). If I had confined 
myself to the examination methods recommended in thc.se mono- 
graphs the diagnosis in the present case, would undoubledly have 
failed to be made, during the earlier part of the observation period, 
at least. 

In this patient, there was a striking elevation in Ihe skin tem- 
perature in the toes after blocking of the lumbar svmpathetic chain 
as well as after spinal anacsthe.sia. Statements are often found in 
the literature to the effect tliat in cases showing Ihcse features 
there is a good chance that ihe pains will partly subside after lum- 
bar sympathectomy. [Besides the monographs mentioned above 
the reader is also referred to Ricder, (20).] In the present case, how- 
ever, there was a strong arterial siiasm during exercise, despite 
successful blocking of the lumbar part of the .sympathetic chain 
I would seem advisable, therefore, in patients with intermittent' 
claudication upon whom the performance of a svinpathectomy 
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is contemplated, to examine the limbs by oscillometry in connec- 
tion with exercise after blocking of the lumbar sjnnpathetic 
nerves also. It is possible that by doing so, a more suitable selection 
of patients for operation would be obtained. 


Summary. 

There are mentioned in the literature a few cases of intermittent 
claudication where the symptoms are interpreted as being due to 
simple arterial spasm without concurrent structural disease of the 
arteries. The cases are not particularly convincing and the idea' 
that intermittent claudication may he caused by arterial spasm 
alone does not seem to have Avon general acceptance. 

The author describes a case, that of a man aged 39 , in Avbich 
there was the typical picture of intermittent claudication in both 
legs, most pronounced on the right side. By oscillomeir}', it was 
found that the pulsations in the loAver legs and the thighs dimi- 
nished considerably Avhen the patient walked, while when he was 
at rest the oscillations Avere all within the normal range. Arterio- 
graphic examination reA'eal'ed that the A’^essels in the thighs and 
loAA'er legs AA'ere normal. l\Ieasurements of the skin temperature in 
the toes after spinal anaesthesia, after blocking of the sympathetic 
chain in the lumbar region, and As-ith a raised body temperature, 
yielded normal findings. The sum of all these examinations would 
seem to indicate that there AA’ere no structural changes in the arte- 
ries. The author stresses the importance of using oscillometry both 
on resting and AA-orldng limbs. 
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From U,e Pathological Department of the Copenhagen County Hospital 
Gentofte (Chief Pathologist: A. Soeborg-Ohlsen, D.) and the Biological 
Department of Lovens kemiske Fabrik, Copenliagen. 


Methylthiouracil therapy in thyrotoxicosis.^ 

Preliminary Report II. 

By 

JOHANNES THYSSEN. 

(Siil)inittc(l for piildicalion February 22, 19-15). 


In a preceding paper llie ■wTiter lias dealt with thiouracil, 
especially the literature available on this subject, the mechanism 
of the action of the substance, and its clinical cm])loyment in thyro- 
toxicosis. In the same paper it was emphasized that, in compari- 
son with thiouracil, thiourea has to be considered nnsiiilable as a 
therapeutic in cases of this kind. 

F..xpcrinienlal studies carried out in the Biological Depart- 
ment of Lovens kemiske Fabrik, have given the result that melhyl- 
thionracil in rats has a strumogenic effect distinctl}' greater than 
that of thiouracil; the two remedies differ in toxicitj'- but slightly. 
It seemed obvious therefore to try the therapeutic emplojmient of 
methylthiouracil in thyrotoxicosis. 

Before presenting the clinical experiences with this substance 
it is to be mentioned that also another derivative of thiouracil 

^ Read before a staff-meeting in the Copenhagen County Hospital on 
November 27, 19-1-1. . . , 

1 wish here to acknowledge 7ny indebtedness to the chiefs of the mcdica 
and surgical departments of the Copenhagen County Hospital Gcntmte 
Professor Poul Morvillc, Dr. E. Rosling, Dr. M. Siggaard Andersen, Dr. 
Kapel, Dr. F. Wulff, and Dr. H. WuUf — lor their permission to treat patients 
admitted to their departments and for unbiased view concerning this treat- 
ment. 




Fie 1. Female rals, G months old, treated for 15 days with (liioiiracU ( \ x), 

mctlujllhiouracil ( ) and phcwjUhionrnnl (o «). 

— namel}^ phcmjWnoiiracil (2-lhio-r)-oxy-4-pheny]pyrinndin) — 
was found to have a quite consideralilc struniogenic effect in rats. 
In Fig. 1 this effect is compared graphically with that of thiouracil 
and methylthiouracil. When given in small doscs^ the slrumogenic 
effect of phenylthiouracil appears to be essentially smaller than 
that of the other two substances mentioned^ whereas it seems to 
exceed both of them in potency when the dose is increased a little. 
As, furthermore, the toxicity of this substance is lower than that 
of melhylthioui acil as well as thiouracil (in rat experiments), we 
hojied here to have found a substance that would ])rove quite parti- 
cularly serviceable in th 5 Totoxicosis. An cxjierimcnt with its clini- 
cal employment, however, did not give the result expected (see 
Fig. 2). The patient was a woman, aged 47, with a moderate degree 
of exophthalmic goiter; and she Avas treated with O.G g jihenyl- 
thiouracil daily for nearly 6 W’ceks. Under this treatment the thyro- 
toxic s 3 nnptoms subsided somewhat, but the general condition 
of the patient w'as far from satisfaclorj^ and the mclaholism re- 
mained rather unchanged. Wlicn now phenylthiouracil was replaced 
by methylthiouracil, a very satisfactory result w’as soon obtained. 

Since April 1944, in the Copenhagen County Hospital, we 
have tried out the therapeutic employment of methylthiouracil in 
thyrotpxicosis, and the aim of this paper is to present the clinical 
experiences Ave have gained in this Avay. 




Fig. 2. Weight and metabolism curv’cs for a female patient, aged 47, ^^'ith 
moderate exophthalmic goiter, treated first with phenylthiouracil, then with 

mclhyllhiouracil. 

In tlie literature accessible to me, so far no report has been 
published from other countries on the effect of niethylthiouracil 
in thyrotoxicosis. In this country, on the oiher hand, also other 
authors have observed the considerable strumogenic effect of this 
substance and tried to employ it clinically. Freiesleben, Kjerulf- 
Jensen, iSIeuIcngraclit & Schmith (1) and Jersild & Nissen (2) thus 
have reported the therapeutic results obtained by them in 6 and 4 
patients respectively; they found the substance to have a decided 
effect on the tlijTotoxic condition of the patients. 

Here no particular mention will be made of the biological 
experiments with methjdthiouracil, as a few aspects of this question 
have been touched upon briefly in a preceding paper (4), and a sub- 
sequent work will give a thorough account of these experimental 
studies. 

Clinical Material. 

Since April 1944, in the medical and surgical departments of the 
Copenhagen County Hospital we have treated altogether 28 thjTO- 
toxicosis patients with methylthiouracil. 

Of these 28 patients 20 were suffering from exophthalmic goiter 
(including one instance of recurrence after subtotal thyroidectomy, 
3 had a thyrotoxic adenoma; and 1 had hyperthyroidism^ after 
taking thyroid preparations through many years. 
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Of the 28 patients 24 were women, aged from 21 to 69 years. 

4 men, from 40 to 51 years old. . . • • o 

Operative treatment has been given to 5 of the 28 patients. In a 

suliseqnent paper on thiouracil and mcthyltliiouraci! as prcopera- 
tive therapeutics a more detailed mention will be made of these 


live ecisea. . , r t i 

For the remaining 23 patients the average period of treat- 
ment with mcthylthiouraeil has been 111 days. 

With a few exceptions, the individual case histories will not he 
cited separately. The anamnestic data on the patients include, no 
facts of particular interest. 


Grouping of ihc Palimis. 

A. Operated Patients: 4 women, aged 27 — 57, and 

1 man, 40 x-ears old, all with 

clinically severe — moderate thyrotoxicosis: exophthalmic 
goiter in 4, thyrotoxic adenoma in 1. 

Average period of treatment with methyllhiouracil: 55.6 days 
(25—109 days). 

In all the cases the course of the operative Ircalment was un- 
complicated. 

B. Non-operated Patients: 7 women, aged 21 — .52 ycar.s, with 
clinicalhj severe — moderate tiujrotoxieosis: c.xophthahnic 
goiter in all 7, 

In all these 7 patients the thyrotoxic .s 3 ’mptoms subsided under 
the treatment. They all slate they are feeling well able to do tlieir 
usual w'ork. Apparenll}' the therapeutic results arc quite satis- 
factory. 

The average period of treatment with methyllhiouracil in the 
hospital has been 29.6 da^'s. After their discharge from the hospital 
they have been given ambulatory treatment. For the sake of con- 
trol, at intervals of 2—7 weeks, they have been readmitted for one 
clay. 

The effect of the treatment on the weight and metabolism is 
evident from Fig. 3. The question of dosage will be de.all with 
m a separate section below, 

27 Acta mcd. scandinao. Vol. CXXI. 
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Fig. 3. Weight and metabolism curves tor 7 patients ■with severe — moderate 
exophthalmic goiter, treated with methylthiouracil. 


C. Nan-operated Patients: 7 -women, aged 25 — 62 years, and 

2 men, aged 51 — 52, all with 

clinicaUy slight — moderate thyrotoxicosis. Diagnosis: 

Exophthalmic goiter: 5 patients (including 1 -with recur- 
rence after subtotal thyroidec- 
tomy). 

Hyperthyroidism: 4 patients (including 2 with thyro- 

toxic adenoma, 1 with hyperthy- 
roidism after thjToid medication). 

The a-verage period of treatment with methylthiouracil in the 
hospital has been 30.8 days. 

In 6 of the 9 patients the thyrotoxic symptoms have disap- 
peared, and the patients statethey are feeling well. With the excep- 
tion of one patient who has been under treatment only for 5 weeks, 
they have all been able to resume work. Apparently the thera- 
peutic results in these cases are quite satisfactory. 

Tlie effect of the treatment on the weight and metabolism is 

e-vident from Fig. 4, . . 

One patient (woman, aged 51) with moderate hyperthyroidism 
after 8 years’ abusive consumption of thyroid tablets will be men 





Fig. 4. Weight and inolaholisin curves for fi palienl.s wilhsHphl moderate 
(hjTOloxicosis, treated with melliyltluouracil. 


tioned further under the section sDosagC'^ In her case loo llie 
therapeutic re.sull was good. 

In 2 patients the trc'atment. did not give the rcsull de.sircdr 
namel}': 

1. Woman, aged G2. Diagnosis: Hyperthyroidism (thyrotoxic 
adenoma). 

2. Man, aged 51. Diagnosis: Hyperfiiyroidism. 


In these two patienJs the thyrotoxic symptoms subsided 
somew'liat, but tlieir general condition lias not become .sati.sfactory. 
In No. 1 the weight has remained uneJianged, while No. 2 ha.s gained 
a little in weight. The effect of the treatment on the metabo- 
lism is evident from Fig. 5. The treatment is being continued in 
No. 1, whereas No. 2 will be operated on. 

D. Special mention is to be made of 2 patients: 

1. Woman, aged 53. Clinical Diagnosis: Hyperthyroidism 
(thyrotoxic adenoma); Myocardial degeneration; Cardiac insuffi- 
ciency; Arterial hypertension. 


On 7/2/44, treatment with thiouracil was commenced (see I'ig. 
6). After 12 days’ treatment an exanthema apjieared, accompanied 
by oedema oftbesldn. The. .skin lesion improved at once when the 
thiouracil treatment was discontinued for a single dav; but it got 
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YvoTSe immediately on conlinationu of the treatment. At first tlie 
inconvenience associated herewith was only slight, and hence an 
attempt was made to carrj' througli the treatment anyJiow, espe- 
cially as the patient was raather unsuitble for operative treatment 
because of her heart lesion. Gradually, however, the sldn lesion got 
so bad that it became necessary completely to discontinue the ad- 
ministration of thiouracil. Before this step was taken, a try was 
made with discontinuous treatment — also to no avail. 



Fig. 5. Metabolism curves for 2 patients with'sligbt — moderate thyrotoxicosis 

» treated with methylthiouracil. — See the text. 

Under the treatment the thyrotoxic symptoms had practically 
disappeared, and the patient W'as feeling fairly well — apart from 
the sldn lesion. The metabolism had fallen to -f 14, and the weight 
was increasing. 

After discontinuance of the treatment the thyrotoxic symptoms 
returned, and the metabolism began to rise. 

After a few' w'eeks a try w'as made with methylthiouracil, and 
— contrary to our expectation — she proved to tolerate this 
remedy very w'ell. Now' the thyrotoxic ■symptoms subsided com- 
pletely, and the metabolism became normal. Since then, her treat- 
ment has been continued as ambulatory (for dosage, see big. 6), and 
she feels very w'ell. She is able to do her ovm housework even 
some gardening too — and she says she is better now than she has 
been for a good many years. 

2. Woman, aged 54. Clinical Diagnosis: Hyperthyroidism; 
Heart lesion. 

This patient presented the phenomenon w'hich has been ob- 
served also in several other cases: w'hen the treatment ceases, the 
thjTO toxic symptoms recur. Under treatment with methylthiouracil 
her thyrotoxic symptoms subsided in part, and the metabolism fell, 
albeit but slowly, to a norma! level. On discontinuance of the 
methylthiouracil therapy, however, the thyrotoxic complaints 
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Fig, 6. Weight and mclabolism curves for a woman, aged 58, willi modenitc 
thyrotoxicosis, treated tvitli tliioumcil aiul inctliyllltioiiracil. See the text. 



Fig. 7. Metabolism curve for a female patient, aged 5-}, with hvpcrlhyrohihtu 
during and after treatment with met hylthlouracil. 


reappeared in a very marked degree, and (lie melaholism J)c«an (o 
rise (sec Fig. 7). “ 

E. 1 palicnt, a woman, aged 68, in whom a ralhci- severe 
degree of cxophUialraic goiter persisted nncliangcd in spile of 
protraelcd preliminary Ircnlmonl rvill, iodine. Her ease will l,c 
discnsscd m a special section below, together with a few of the 

^nstdi::™ " 

F. 4 patients, requiring no parlicniar mention, as their period 
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Fig. 8. Dosage logctlicr with weight and metabolism cun-es for a female 
patient, aged 32, witli moderate cxoplitiialmic goiter, treated with methyl- 

thiouracil. 


Dosage. 

When we coinincnccd (rcaling lliyroloxicosis with mcthyl- 
tliiouracil, we gave liic .same doses we had employed in thiouracil 
tlierap}', i.c., an initial dose of 1 — 1.2 g daily. When the biological 
experiments witli lliis substance showed plainly that its strumogen- 
ic dfect is greater than that of thiouracil, tried — with excel- 
lent result — to lower the initial dose. For, in the dosage of these 
remedies we have followed tlie principle of getting down to the 
minimal effective dose as soon as possible, primaril}’^ in order to 
avoid the risk of untoward effects. 

Initial Dose: For initial dose we now give 0.6 — 0.8 g daily, in the 
form of tablets of 20 eg, distributed throughout the day. This dose 
gives an excellent effect; and manj' things indicate that something 
near the maximal effect is obtained with this dose. To give a daily 
dose over 0.8 g would hardly be expedient — and hardly ad%4sable. 
For it would considerably increase the risk of untoward effects of a 
more severe character and hardty increase the therapeutic effect 
in any noticeable degree. For substantiation of the latter state- 
ment it will be appropriate here to mention that my biological exper- 
iments on rats show' that by increasing the dosage (from 0.25 mg 
dailjf, giv'cn by stomach tube, for 15 da3's) w'e soon arrive at doses 
giving practically a ma.ximal effect: for methylthiouracil, as low as 




Fig. 9. Dosnge together with wciglit and lactnhoiism curves for a female 
patient, aged 39, with moderate exophthalmic goiter, treated with mcthyl- 

lliiouracil. 


about 5 rug daily for 15 days (see Fig. 1). Further increase in the 
dosage (up to SO nig daily for 15 days) gives no increase in the eifecl 
ivorlli mention. 

In the conlinuous Ircalmcnl with this remedy ive now follow this 
prineiple; 


1. As soon as a distinct effect on the thyrotoxic condition of the 
patient is observed under this Irealnient— that is. when the thvro- 
toxic symptoms begin to subside, and the metabolism commences 

to faIMvhilc llio TOighl begins to rise - i|,c dose is towered lo JO 
eg daily (see Figs. 8 and 9). 


2. TOien addilioiiol improvcracirt of II, e ,,.nic„t is esl.il, i, 'si, cc 
Hill ,s wliei tlio tliyroloxic symptoms Imvc .subsided imrii.nll, 

" rdo? "'’,''"'' P''»elioany Ims become „on„i 

every other dlj"" “> f 

Maintenance Dose: In decidiim nn n, 
variois eoidittoos ,.ive to be Jhtlio^eoill'Lr:: 
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Fjg. 10, Dosage togctlier with weight and metabolism curves for a female 
patient, aged 25, with moderate exophthalmic goiter, treated with methyl- 

thiouracil. 


In principle, we must try to find the amount of methylthioura- 
cil tliat lowers the increased thyroxin poduction so much that only 
the amount required by the organism is given free. If the main- 
tenance dose is too large, the organism is not supplied with suffici- 
ent th 3 Toxin, the metabolism falls to a subnormal level, and the 
risk of myxoedema is present. \Sdien normal rats are given methyl- 
thiouracil, this remedy inhibits the synthesis of the thyroid hor- 
mone, the metabolism of the rat falls and a hypothyroid condition 
develops; the thyrotropic principle of the anterior pituitary lobe tries 
to compensate this condition by increasing the activit}' of tlie thj^- 
roid; and this results in enlargement of the glands. It is reasonable 
to expect that something similar would happen in man if the 
amount of thyroxin in the organism falls to subnormal values from 
overdosage of methylthiouracil. 

Another aspect we have to pay attention to is the weight of the 
patient. Very often we see a quite considerable gain in weight under 
this treatment, sometimes to an undersired level. If the weight 
keeps increasing considerably under the treatment with a small 
maintenance dose, this feature in itself alone indicates that the dose 
still is too large (see Fig. 10). 
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Fig 11. Female rats, G months old, Ircalccl for 15 days with mclliyUUiouracil 
daily, every other day, or every third day. 


In this connection it will be approprinie to cite liie following 
case history: 

Woman, aged 47. Clinical Diagnosis: Hyperthyroidism; Climac- 
terium; Obesity, Since the age of 25 the weight of the palicnl has 
been increasing greatly — up to 140 kg — and, on this account, 
through the last 8 years she has been treated with thyroid prepa- 
ration, sometimes even in very large doses. In the last 5 months 
before her admission to the hospital, however, a moderate degree 
of thyrotoxicosis has developed although in these 5 months the 
patient Avas not given any thyroid .substance. Under the treatment 
with methylthiouracil together with a reducing diet the rate of 
metaboli.sm decreased, without any increase in the weight (at that 
time about 90 kg). Tlien, however, the weight began to increase, 
on whieh account the maintenance dose Avas loAvercd — Avith the 
result that the metabolism rose from a normal level to about 4-30. 

This patient illustrates very avcII that sometimes we may meet 
Avith difficulties in paying regard to the metabolism os aycII as to the 
thyrotoxic symptoms and the Aveighl. 

Size of Maintenance Dose: It will be a mailer of judgment. 
Avhether one ought to choose a dailtj dosage. Avilh small amounts of 
methylthiouracil (0.1-0.05 g, j,o.s.sibly less) or a disconlinnons 
dosage (0.2 g every 2 or 3 days). The biological experimenis on 
rats shoAv, hoAvcver, that the strumogenic effect of ‘mclhylthiou- 
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Fig. 12. Dosnge together with weight and metabolism curves for a female pati- 
ent, aged 39, with moderate cxoptluilmic goiter, treated witli methylthiouracil. 

racil asserts itself in a far lesser degree when a certain dose (e.g., 
5 mg) is given everj' other day for 15 days than when one-half of 
tlic dose (2.5 mg) is given daily for 15 days (see Fig. 11). 

By choosing to lower the daily maintenance dose to 0.1 — 0.05 g, 
possibly even loss, it maj'' be necessary either to have tablets 
differing in their methyltbioiiracil content or to let the patient 
di\dde the tablets in several parts* — which will readily jeopardize 
the accuracy of the dosage. Here it is to be emphasized explicitly 
that often the necessary maintenance dose is exceedingly small; 
it is also very desirable that the influence of methylthiouracil on the 
organism in general be as slight as possible. 

In the Copenhagen County Hospital we have mostly employed 
the discontinuous maintenance dose (see Figs. 8, 9, 10 and 12). 
Frofn Fig. 10 it is evident that as far as the metabolism and weight 
are concerned, the patient gets along very well on 1 tablet (20 eg 
methylthiouracil) every 4 days. It may be added that she feels 
perfectly well on this dose. 

Significance of Iodine in the Trealmenl of Thyrotoxicosis with Methijl- 
ihioiivacil. 

The effect of iodine on the thyrotoxic condition is not due to a 
neutralization of, or change in, the thyroid hormone present, nor 
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to a change, in the sensitiveness of the tissue to this liornione. 
On tlie contrary, iodine exerts its effect on the function of the 
thyroid gland: the tliyrocytes present in a liypcrplastic state are 
brought to quiescence, and this. alters the output of thyroid hor-' 
mone from tlie gland, promoting thus the. storage of colloid (3). 

The effect of thiouracil and methylthiouracil on the thyroid 
gland is due to an inhibitory influence on the synlhesis of the 
thyroid hormone. This by no means brings the hj'perplaslic thyro- 
cytes into a resting state — as docs the iodine treatment — but the 
cells are prevented from giving off the same increased amount 
of thjToid hormone to the organism. Theoretically it should be 
practicable to combine the two mentioned effects on the thyrocvles. 
This possibility, which is of no particular interest in this connec- 
tion, will be discussed in a subsequent paper. 

Means (3) emphasizes that the most adequate conception of 
the toxic goiiev will be: that an unknown factor makes the thyroid 
evacuate its store of colloid, and stimulates the cblls of the gland 
m increased secretory activity. Administration of iodine l)^' no 

rrX-o*'’',''',',”" ''’“'"'"'•'••'liv or 

of a baiTicr lln ~ 

1 ^ eompletcl} lodmc-rcfractorv slnir> \v;n n. 

ply that the iodine i,.as tel all i,s canadh r„ " ' ‘"'■ 

mentioned. sneh 

forms of Ibyrotoxilolrit i^rj^in 

intreqnenlly we meet nath ilivrel' Hihl not 

respond to the iodine trcalmentwilhir”" 

toxic symptoms aimed at If in such ca" “f the Ihyro- 

■S institnled aftci- a preliminaiv ""ropv 

ie found that the LeiClSnd, e^ , 

Itself, Presumably this is due In I'l • "”>1117081 hig 

toone has been stored in gh„d '"''‘"'"‘‘7'“ l>or 

"tent. The administration of meZu i™ ''" ‘ 
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Fig. 13. Dosage together with weight and metabolism curves for a female 
patient, aged G8, with rather severe, iodine-treated, exophthalmic goiter, now 
treated with methylthiouracil. 


.Store of hormone is being consumed, does the meth 5 dthiouracil 
effect appear. Theorelicalty, a sufficiently protracted treatment of 
thyrotoxicosis with methyltliiouracil should ahvays result in under- 
balance of the organism with regard to th^Toxin. 

Figs. 13 and 14 illustrate how’ the methylthiouracil effect often 
is late in its appearance in thyrotoxicosis patients who before- 
hand have been treated with iodine. In the patient represented ly 
Fig 13 — a woman, aged 68, with a severe degree of exophthalmic 
aoiter - the iodine treatment was discontinued immediately be- 
fore the institution of methylthiouracil therapy. In the Mse of e 
patient represented by Fig. 14 - a man, 40 f ^ ! 
ratljer severe degree of exophthalmic goiter ^ 

of iodine was continued for some time after me hy no r 

ment was commenced. , „ u be 

According to the theoretical considerations abov , 

irrational to keep on giving iodine after 
ment with methylthiouracil. men, neverthele , 
to do so in the last-mentioned case, it w’as becau e 
°pe ienees: In tke preeeding paper (4), mention ts made o 

^aUents in Group C. Both of them had ^ 

"oxicosia (exophthalmic goiter), and m »■>«> 
tion of iodide was discontinued at the same time c 
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Fig. 14. Dosage togclher wilii svciglU and mctaholisni curves for a male pati- 
ent, aged 40, with rather severe, iodiuc-trc.alcd. exophthalmic goiter, treated 

with mcthylthiouracil. 


with tiiiouracil commenced. In holh patients the institution of litis 
treatment was immediately followed by an acute and very marked 
aggravation of the condition, with signs of a tliyrolo.vic crisi.s. 
The cause of this aggravation, which in both eases was of tran- 
sitory nature, is rather difficult to perceive, as an aggravation re- 
sulting from discontinuance of iodine treatment usually appears 
gradually. 

Our experiences appear to show that when iodine-treated pati- 
ents are to be given methjdthiouracil therapy, it is not advisable 
suddenly to discontinue the iodine at the .same time as the admi- 
nistration of melhyllhiouracil commences, but either keep on giving 
iodine for 1—2 weeks or keep it up throughout the treatment. 

Untoward Effects. 

In the total 28 patients treated with methyllhiouracil, untoward 
effects all slight — were observed only in a few cases — namely, 
as follows; ‘ ^ 

Bij-effects ■ patients 

Transitory nausea I 

flitter taste in the mouth I 

Rise in temperature j 

Exanthema „ 
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Fig. 15. While blood counts under trcalmcnl ■with nicthylthiouracil (22 

patients). 



Fig. 1C. Thrombocyte counts under treatment liN-ilh melhyllhiouracil (21 

patients). 


When the percental frequency of by-effects in the patients 
treated wth nicthylthiouracil is smaller than in those given thioura- 
cil, the explanation undoubtedly is to be looked for in the dosage. 
Neither in the 12 patients treated with thiouracil nor in the pres- 
ent 28 patients given methylthiouracil have we seen any by-effect 
of a more serious character — something that is of the greatest in- 
terest and of decisive importance to the further employment of 
these remedies in the clinic. 

Laboratory Examinations. 

In the present cases as well as those treated with thiouracil (4), 
at fairly regular intervals, various laboratory examinations were 
performed in order to reveal any possible untoward effects on the 
internal milieu of the organism due to the remedies mentioned. 

Urine: Albumin has not been demonstrated in the urine in any 
of the cases under this treatment. 

Hemoglobin %.■ No abnormal deviations. 

Sedimentation Rale: No abnormal deviations. 
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Fig. 17. Blood sugar dctenuinalions under Ircalincnl with niclhylthlouradl 

(20 patients). 



Fig. 18. Blood urea determinations under treatment with mclliyllhiouradl 

(21 patients). 

Differential Coimi: This was. performed fairly regularly only in 
6 patients, 5 of witoin showed a relative lymjjhocylosis, which in 3 
of the case.s was transitory though with lyinphocvtic jirepondcr- 

ance. The graniiloc^de count was never found to he less than 1000 
per mm3 

Sternal Puncture: Tin's was performed only on 3 patients after 
1—1 34 months’ treatment. The examination of these punclatcs 
obligingly performed by Dr. A. Soeborg-Ohlscn, gave the same 
result as found in the patient treated with thiouracil, namely: 

lively activity of the myelocytic .system as well as the erythro- 
cytic. - 

White Blood Count, see Fig. 15. 

Thrombocyte Count, see Fig. 16. 

Fasting Blood Sugar Concentration, see Fm 17 
Blood Urea, see Fig. 18. ' 

Serum Calcium, see Fig. 19. 

Serum Cholesterol, see Fig, 20. 
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Fig. 19. Scnim calcium dclcnninalions under treatment -with methj'lthiouracil 

(19 patients). 



Fig. 20. Scrum cholesterol determinations under treatment with methj'l- 

rliiouracil. 


Only the scrum calcium and serum cholesterol determinations 
are to be mentioned furtlier. Under treatment Avith thiouracil (4) 
a considerable dispersion is seen of the serum calcium values, with 
values as Ioav as 7.2 mg %, whereas under the treatment with 
mcthylthiouracil the values are far more uniform. From Fig. 19 
it will be noticed that within the first 8 weeks of treatment values 
under 9.5 mg % were observed only 3 times; all the other values fall 
w'ithin the normal limit. While thus the serum calcium determina- 
tions under treatment with thiouracil gave rise to some uneasiness, 
this has b}' no means been the case under the treatment with methyl- 
tliiouracil. 

Under treatment with thiouracil (4) we have seen a consid- 
erable rise in the serum cholesterol values (from 100 to 330 mg 
from 250 to 500 mg %), even though this rise appears mCTely to 
have been temporary. Under the treatment with meth 3 ’lthiouracil, 
on the other band, w'e have seen only an insignificant increase 
which at no time exceeded the limit for the normal values. In several 
of these patients the values remained unchanged, and in a few of 
the patients they even decreased a little under the treatment. 
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ExopMbalmus: Only a feiv of the palienls 
treated for methylthiouracil for a considerable length of lime 
have had exophthalnius in a fairly pronounced degree. Hence 
are not able to say anything about the behaviour of cxopliOialmiis 
under this treatment but merely state that it is our impression that 
the exophthalmus has shown a tendency to subside. 

Size of ihe Goiter: In 12 of our patients who had a distinctly 
recognizable enlargement of the thyroid, the circumference of the 
neck Avas measured regularly. This together with palpation ga\e 
the following information about the size of the goiter iindei the 

treatment with meth 3 dthiouracil. 

6 patients showed no change in the size of the goiter. 

3 showed a very slight increase, and 

3 showed a rather marked increase, in the size of the goiter. 

No decrease of the goiter was observed in any case under the 


treatment. 

Pulse Rule; The pulse rate was watched in all tlic cases and 
it was found to fall slowly' to about normal values at the same time 
as the thjToloxic s 3 miplonis subsided. 


Discussion. 


]\Ieth 3 dthiouracil as well as thiouracil arc substances with con- 
siderable strumogenic effect. In rat experiments, mclhyllhioiiraci! 
is found to have a greater strumogenic effect than thiouracil. The 
toxicity is nearly the same for the two substances. 

Concerning both substances it may be stated that thei'- are 
able with a very high degree of certainty to make the lliyrotoxic 
symptoms in goiter patients subside and lower the increased meta- 


bolism. The establishment of this effect requires a certain latent 
period, which varies somewliat from one patient to another and is 
prolonged by preceding or simultaneous treatment with iodine. As 
the thyrotoxic symptoms subside under this treatment there is a 
fairly regular increase in tlie weight. The rapidity with which tlie 
thyrotoxic symptoms subside under the treatment appears to be 
fairl 3 ’ alike for the two substances. 

After the favorable effect on the thyrotoxic stale has been 
established, it is praclicable to maintain it on continued adlni- 
med. scandinav. Vol. CXXJ. 
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nistration of the substances,, whereas the symptoms reappear 
• wlien this medication is discontinued. The maintenance dose re- 
quired is much smaller than the initial dose. .In deciding on the 
maintenance dose due regard has to be paid to the thyrotoxic symp- 
toms, the rate of metabolism and the weight of the patient. Too 
large a dose may lead to hypothyroidism. 

Now three questions suggest themselves: 

1. Can the patients be made symptom-free? 

2. Has the treatment a curative effect? 

3. Does the treatment imply any injurious effect on the orga- 
nism? 

1. i\Iost of the patients treated in this way through a consi- 
derable length of time state they are feeling well. Some are even 
extraordinarily enthusiastic about the treatment, claiming that 
now they are feeling better than they have done for many years. 
They are able to do their usual work without any trouble, and they 
lead a normal life without feeling ill in any way. On further enquiry 
it is found, however, that in some of the jiatients — albeit rela- 
tively few — the good result is merely apparent. On questioning 
these patients it is learned that the therapeutic result is good as 
long as they lead a very quiet life, but mental or physical strain 
brings them out of balance rather readily. We are most inclined 
to advise such patients to submit to operative treatment. 

I'lie question about the employment of these remedies for pre- 
operative treatment will be dealt with scparatel 3 \ 

2. As yet we are unable to saj’' whether the treatment has 
a curative effect. After treatment for a period of 10 11 months 
no sign is seen yet that indicates that the thyroid gland will enter 
into a resting state. In patients witli enlargement of the thyroid, 
the size of the gland keeps unchanged or increases undeiThe treat- 
ment, No decrease in the size of the goiter is observed. In the case 
of a patient who was operated on after 279 days of treatment 
with thiouracil, the histological picture of the thyroid showed an 

enormous activity of the gland. 

It may be that treatment through a number of years somehow 
may bring the gland into a resting state, but it is still impractic 
able to say anything about this. Investigations must be continued 
in order to settle this very important question. 
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3. The literature has brought rather many reports on injurious 
bv-effects appearing under the treatment, especially with thiourea 
but also with thiouracil. The employment of mcthyltluouracil 
has not been tried out to the same extent. The most serious of 
these untoward effects are leukopenia and thrombopcnia which 

several times have led to a fatal outcome. 

In our material we have seen onlj' slight and apparently insignif- 
icant by-effects. Thiouracil has given rise to such by-effects more 
often than has methyllhiouracil. This difference, we think, is most 
likely due to the fact that methylthiouracil was given in smaller 
doses; and it is to be emphasized most emphatically that under the 
treatment it is of the greatest importance as soon as possible to 
lower the dosage as far as practicable. 

In our patient material thiouracil has given rise to an, appa- 
rently merely temporaiy, rise in scrum cholesterol to values con- 
siderabty above the normal. Under thiouracil treatment the values 
for serum calcium have in several cases fallen to a subnormal level; 
it is to be mentioned, however, that these values have not remained 
low, and that the patients concerned have never jirescnted any cli- 
nical evidence of hypocalcemia. Methylthiouracil has not had any 
similar influence on the scrum cholesterol and scrum calcium values, 
which have remained within the normal limit (perhaps owing to the 
lower dose.s*?) Neither thiouracil nor methylthiouracil has had any 
injurious influence on the hemoglobin percentage, sedimentation 
rate, blood sugar content or blood urea coiiccntralion; and albumi- 
nuria has never been demonstrated under this Ircalmcnl. 

In no instance have we observed an abnormaly low thrombo- 
cyte count. 


The white blood count has a few times given values under 3000, 
but these values have always increased again. 

In the differential count we liave often observed a relative 
lymphocytosis, sometimes with lymphocytic preponderance, but 
this relative lymphocytosis has nearly nhvays been of a transitory 
nature. The granulocyte count was never seen to fall below 1000 per 


Slcmal pimcliirc has invariably sliorvn an increase in llic aclivilv 
of the mye ocylic system or of the erythrocytic, most often of both 
The last featnres mentioned show that a vorj. close control of 
the blood picture is important during the Ireatmciil 
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iTom these findings it will be evident that methjdlhiouracil 
appears to be sligiitly superior to thiouracil in the treatment of 
thyrotoxicosis even lliough the difference in the effect of tiie 
two remedies on the slate of thj'roloxicosis and the organism in 
general is not particularly great. In addition, however, tlie prep- 
aration of the methylthiouracil is far easier than that of thiouracil 
and on this account we have adopted the employment of methyl- 
thiouracil for the new patients admitted with thyrotoxicosis. 

In thiouracil and melhjdthiouracil we now have two remedies 
which quite undoubtedly will be employed extensively in the treat- 
ment of th 3 Totoxicosis. In patients who are not suitable for opera- 
tive treatment on account of a heart lesion or for some other rea- 
son these remedies are most serviceable; and it must also be expected 
tliat they will be employed to a very large extent in all severe cases 
of tliyro toxicosis, as the post-operative IhjTotoxic crisis hardly 
may set when the patients have been set in with these remedies. 

The two substances are not likely to oust the employment 
of iodine, but they will conslitiilc a very valuable supplement to 
the use of iodine in the treatment of thjTotoxicosis. 

The two substances arc not harmless, however, and their clini- 
cal cmploynicnl requires indispensably that patients under this 
treatment be examined rcgularh’, especially with a view to chan- 
ges in the blood picture. 

As the initial dose necessarily is rather large, the treatment 
with these substances should alwaj's be commenced in the hospital. 


Summary. 

In a preceding paper the writer has dealt with the strumogen- 
ic substances, especially' tliioiiracil, their mode of action, and the 
employment of tniouracil in the treatment of patients with thyro- 
toxicosis. 

Biological experiments performed by the witer have sliown 
that methylthiouracil has a stronger strumogenic effect than thio- 
uracil, but about the same toxicitj' for rats. 

An account is given of the treatment of 28 thyrotoxicosis pati- 
ents witli methyltJiiouracil. Tlie longest period of treatment in 
this material is 33 w'eeks. Tlie substance has a considerable anti- 
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thyroid effect, and its employment is able Yvilh great certainty to 
make the thyrotoxic symptoms subside after a somc^vhat varying 
latent period, Yvhich is prolonged by treatment with lodmc. Tiic 
rapidity with which this takes place appears to be about the same 
for thionracil and mcthylthiouracil. On continued administration o 
a small maintenance dose the symptoms may apparently be 
checked completely. 

The question of dosage is discussed, and it is emphasized cxidi- 
citly that, with a view to the possible untoward effect, it is neces- 
sary as soon as practicable to lower the dose to the least possible. 
The significance of iodine in the treatment with thionracil and 
methylthionracil is discussed. No serious untoward effects wore 
observed under this treatment, merely a few instances of transitory 
nausea and rise in temperature, besides exanthema. 

Tlie treatment has had no noxious effect on the hemoglobin 
percentage, sedimentation rale, and blood urea or blood sugar 
concentration, no has it given rise to albuminuria. Thrombo- 
penia has not been observed under the treatment, nor a granu- 
locyte count under 1000 jicr nim^. Sternal puncture has shown an 
increased activity of the ciythrocytic and myelocytic .systems. 
There has been no increase in the serum cholesterol values to any 
level above the normal limit, nor any fall in the scrum calcium 
values to a level below the normal limit. 

Under this treatment no decrease has been observed in the size 
of the goiter; and as yet there is nothing to indicate that theTrcnt- 
ment has a curative effect. 

The writer emphasizes that control examination of tlie pati- 
ents under tins treatment is very iTnportanl, especiallv with a 
view to changes in the blood picture. 
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in Denmark. 
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Introduction. 

At the meeting held by »Dansk Selskab for Intern Medicinwn 
May 1942, llie author remarked in the discussion following Dr. 
Schiodl’s paper on iiMaskcd hyperthyreoidism#, that at the Medi- 
cal Department B of Bispebjerg Hospital we were of opinion that 
the number of cases of hj'perthyreoidism^ admitted to the depart- 
ment had increased, without the department having asked parti- 
cularly for such patients, or the doctors wlio distribute the patients 
between the departments having specialty sent us them. A num- 
ber of the members reported that they had made similar obser\''a- 
tions. 

Since then the number of patients vnth hyperthyreoidism has 
increased even more conspicuously. At one time (Sept. 5th 1942) 
we had 26 patients with hyperthyreoidism out of a total number 
of 146 patients at the department. During the autumn we have on 
near]}’^ every day when we were receiving females admitted one or 
more patients with hyperthjTeoidism, on some days three or four. 

^As regards terminology and classification, the name, hyperthyreoidism 
has been used synonjunous with Grave’s disease, hjTierthjTeosis, thjTeotoxico- 
sis, Basedow’s disease, struma hascdowiflcata, toxic adenoma. 
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We have had as mueh as 7 males at the same lime suffering from 
hyperthjn eoidism, in spile of the rvell-knorvn fact that male pal.enU 
with this disease arc usually rare. During the smmner rvc have had 
5 patients vdth spontaneous thyreotoxic crises (cf. Krarui) s report), 
wliilst previously several years have passed l^etAvccn sueh cases. 
The nurses complain that the patients with hyperthyreouhsm cal 
so much that the rations do not suffice. Our ajiparalus for deter- 
mining B. M. R. is overstrained. 

If this conspicuous increase in the number of patients with 
hyperthjTCoidism is due to an increased morl)idity, i. e. increased 
incidence of the disease per population unit, we arc dealing with 
a very interesting phenomenon indeed, but a priori we cannot 
exclude the possibility that the increase is due to improved diagnos- 
tics and a consequent more frequent hospitalisation of these pnli- 
ents. The phenomenon must therefore be examined more in detail. 


Previous Obsenmiions on Increased Incidence of 
Hypcrlhijrcoidism. 


The literature containcs some few reports on increasing inci- 
dence of hyperthyreoidism, particularly in Vienna during the 
years folloAving the first World War or during the midiwenlics 
(Firgau, Wiescl, Borak, Schimak). The figures arc hut .small, and 
the publications only short remarks in conncclion wilii wliich the 
authors discuss whether the preventive use of iodine in tlie goiter 
areas bears the responsibility for the increase. 


A detailed study appeared from Sweden in 1935, puhlislieci by 
Sallstrom; Vorkommen und Verbreitung der Thyreotoxicose iii 

Schweden. This study show.s plainly that during the period 1917 

1932 there has been a gradual and pronounced rise in tlic nnmhor 
of hospitalised cases of lh3Tco toxicosis in Sweden (Fig. 1), In 1917 
Kungl. Mcdicinalstyrelsen’s reports show that 35G cases were 
hospitalised, whilst in 1932 the number was 1,391. 'flic cases from 
he later part of the period — the years 1925—1932 — have been 
sludictl more in detail, cacli else haying been coiwiilercd .scparalolv, 
le casra arc divided into tlirco groups: +++ (severe Ibyrcolo- 

er"l V'l ‘ ++ (Mverc tiivrcoloxicosis wilhoul 

evophlhaimus), + (slight ll.yrcolo>:icosi.s), it is seen tint ihe se - 
cases svith exophthahm.s have, increased tviti, e;:;:™: 
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Fig. 1. After Sallstrom. 

Curve, -whicli sliows tlic number of eases of hyperlhyreoidism reported to the 
Kungl. Medicinalstyrclse during the years 1917—1932. 


.severe cases wiiliotit exopliHialmiis with 100 per cent., and tiie 
slight cases with 150 per cent. (Fig. 2). 

sallstrom draws the conclusion that the increase is mainly due 
to the following three factors: 

1) Improved diagnostics. 

2) A greater tendency towards hospitalising the patients. 

3) A significant increase in number of patients? The fact that a 
rise has also been found in the severest cases, though only of 19 per 
cent., speaks in favour of this point. 

The present author has found a single report by Plummer on a 
transitory, so to speak »epidemic», increase in thyreotoxicosis. 
The report is cited after Means, as the original has not been avail- 
able: »Plummer (1931) makes the interesting claim that in certain 
portions of the upper Missisippi Vallej'^ and the Great Lakes region 
a sudden increase in the incidence of toxic goiter, an epidemic in 
fact, occurred in the years following 1923, reaching a pealc in 1926 
and 1927, then receding to the 1923 level by 1931. He draws this 
inference from the number of cases coming to the Maj^o Clinic, 
especially from Olmsted and other Countries in close proximity 
to Rocliester and from which the majority of the cases in the entire 
community are sent to the clinic. He also expresses his belief in 
the probability that there were waves of higher incidence following 
the influenza epidemics of 1899 and 1918. At the height of the last 
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cidenccs oi tne loim group or 

4 . +, + + and +) during the years 1925 — 19d2. 

the total data, — group + ++, the group ++, — • •— the 

group + (Abscissa; years, ordinate: number 01 cases). 


so-called epidemic he believes that the incidence in the regions 
stated rose to three to four times that of any preceding period. 
He further states that he does not believe that the introduction of 
iodized salt was responsible for the »epidemic».‘ 


Author's Own Observations. _ 

The author has tried to throw more light on the subject, as far 
as it is possible, by examining a limited area with obligatory access 
to hospitals, namely the municipality of Copenhagen. 

Table 1 (Fig. 3) shows the incidence of hyperthyreoidism, as 
found in the reports from the Medical Departments of the Copen- 
hagen municipality during the ten-year period 1921—1930. It is 
seen that during these years there is no significant rise in the num- 
ber of patients admitted to the departments in question, which in 
the said period almost monopolise the admission of patients with 
the said diagnose from the Copenhagen municipality, only a few 
patients with these diagnoses having been received at Balder’s 
Hospital, the Dre-sundshospitaT or the Blegdamshospital. 
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Table 1. 

Number of paUenls wlb hyperfhyrcoidism according to the annual renorfs 
from the Kommunchospital departments II and HI, and Bispebjerg Hospital 
departments B and C, 1921 — 1930. ^ ^ 


1921 42 

3922. 50 

1923 59 

1924 58 

1925 49 

1920 50 

1927 : 61 

1928 51 

1929 40 

1930 59 


The following ten-year period, the years 1932 — 1941, is quite 
different; ' the figures have been put down in Table 2 (Fig. 4). 

The table shows a gradual and very pronounced rise during the 
period, which is more easily seen in Fig. 4. During the years 1939 
and 1940 there is a temporary fall, which no doubt is connected 
with a less common tendency towards hospitalisation during the 
first years of the present War, during which years some of the 
departments in question had partly closed down for reason of war- 
preparedness. But otherwise the number of patients increases gra- 
dually and strongly, the total number having increased by about 
250 per cent, during the said period. 

The same increase has been seen at the Medical Out-Patient 
departments; but whilst the out-patient department of the Koni- 
munehospital only receives patients from the municipality of 
Copenhagen, the out-patients department of the Rigshospital also 
receives patients from oilier parts, and the latter is therefore not 
jllustrative of the area to be examined here. 

7o 
So 

1921 -22 -23 -24 -25 -26 -27 -28 -29 -30 

Fig. 3. Number of cases of byperthyreoidism according to the annual reports 
from the Kommunehospital, departments II and III, Bispebjerg Hospita , 
departments B and C, 1921 — 1930. 
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Table 2. 


Number of patients with aUi’f Koimnuneliospital dcparl- 

from Bispebjerg lundby Hospital, 1931-1941. 

ExcepUor Sulidby Hospital lbc^rcs|v^^ 

^un’Sr.rpZl «6-dcd «, » c,„,pl.«..on .„.,■ 10 

some other affection. Wact^iicI was ouened in 1933. 



BBH 

B 

BBH 

C 

^ 5 

KH 

III 

m 

SH 

EB^Sl 

1931 

0+9 

0+15 

2+9 

(3) 

1 + 3 

0 

-+ 

42 

1932 

1 + 17 

0 + 6 

2 + 12 

(2) (2) 
3+5 

0+3 

-+ 

■53 

1933 

1+21 

1+14 

3 + 13 

(?) (4) 
1+6 

0 + 2 

3 

71 

1934 

2+23 

0+8 

1 + 10 

(1) (3) 
1+9 

2+8 

25 

93 

1935 

.6+21 

5 + 5 

3+0 

(3) 

2+8 

2 + 5 

22 

91 

1936 

2+20 

2+9 

0+9 

2+11 

0+9 

50 

114 

1937 

3 + lC 

0 + 14 

1 + 15 

1 + 17 

1+11 

74 

153 

1938 

0+21 

1 + 15 

0 + 12 

1 + 18 

3+3 

75 

149 

1939 

3+26 

2+13 

1 + 4 

4 + 8 

2 + 12 

62 

137 

1940 

2+25 

0 + 14 

0 + 12 

0+5 

4 + 12 

30 

no 

1941 

1 + 42 

• 2+24 

2+21 

4 + 2 

7+12 

5-1 

171 


Now, it goes without saying, that data taken from the annual 
reports are raw data. In the first place there is- a possibility lliat 
the diagnostic criteria and tlic registration principles vary from 
department to department. Furthermore the figures include I'c- 
admissions, both to the same department and to other depart- 
ments, the -same patient possibly being registered several time.s. 
Further, there is a certain, small number of patients belonging to 
the Copenhagen- area which arc not included, namely the palicnis 
admitted to the private hospitals, to the FinscnsinslJtul and lo 
the Rigshospital, which latter partly receives patients from the 
area of Copenhagen. We may, however, seemingly reckon, that 
me relationships are of the same order of size from year to year. 
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Fig. 4. Number of cases of hyperlhyreoidism according to the annual reports 
from Bispebjcrg Hospital, departments B and C, the Kommunehospital, 
departments II, III and VII and Sundby Hospital, during the years 1931 — 

1941. 

The year 1942, in whicii, as mentioned above, Ave are of opinion 
that the increase in the incidence of hyperthyreoidism has been 
particularly conspicuous, is not yet ready to be treated in the annual 
reports. Therefore so far I have had to deal solely with the data 
from our own department. 

Table 3. gives the revised data from the Medical Department 
B. of Bispebjerg Hospital from 1932 till Dec. 1st 1942, and Fig. 5 
gives the corresponding distribution. (The cases have been record- 
ed according to the day they were discharged). The figures have 
been revised as follows: All the case records from the said period 
have been handled, and the records with the diagnoses Mb. Base- 
dowii, hyperthyreoidism or the like, have been laid aside. Then the 
latter records have been reviewed critically. The criteria for Mb. 
Basedowii have been: The usual clinical symptoms as well as a 
B.M.R. of 120 per cent, or more. Patients with a doubtful diagno- 
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Bination of the re-admissions. 
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Fig. 5. Revised number of patients with liypcrlliyrcoldisin from Bispebjerg 
Jfospital, department B 1942 (the number for Dec. has hecu estimated). 
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during the years 1932—1941 has been small in comparison ^viththe 
total rise for all the Copenhagen departments, but this is perhaps 
due to the fact that Sundby Hospital has received so many of these 
patients. OtherAvise the most conspicuous feature of the figures is 
the sudden jump with which the figures rise in 1942, in which 
year the number of patients is 5—6 times that of the previous 
period. It must be said that neither during the ten year period nor 
in 1942 has there been a corresponding rise in the number of cases 
of none-toxic goiter. 

Discussion. 

First the gradual rise during the years 1932 — 1941 vnll be 
discussed. 

It is immediately seen that the rise is greater than correspond- 
ing to the increase in population. According to information from 
the Municipal Statistical Department of Copenhagen the popula- 
tion of the Copenhagen Municipality was 631.890 on Nov. 1st 1932 
and 702.424 on Nov. 1st 1941 — i.e. the increase has been about 10 
per cent. 

On the other hand, the general tendency towards sending 
patients to hospital lias increased considerablyr during the period. 
In 1932 (April 1st 1931— April 1st 1932) the Statistical Year Book 
for Copenhagen shows that 38,413 patients in all were received at 
the ^lunicipal Hospitals of Copenhagen (-f the private clinics and 
hospitals used by the municipality), whilst in 1940 (April 1st 1939 
March 31st 1940) the corresponding figure was 52,647. Tlie increase 
was gradual. The number of patients at the said medical out-pati- 
ent departments has almost been doubled during the period. Tliis 
increased tendency towards .sending patients to hospital in general 
.may also to a certain degree have influenced the number of patients 
wdth h 5 ^erthyreoidism. It cannot, hoAvever, have played any deci- 
sive part; in the first place the tendency has not by far increased 
corresponding to the increase in number of patients with hyper- 
thyreoidism hospitalised, and secondly w'e think it justifiable to 
reckon that almost every patient in the jMunicipality of Copenhagen 
in whom the diagnosis of hyperthyreoidism is made or suspected, 
will be sent to hospital, independently of variation in the general 
tendency towards hospitalisation. 
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It would therefore be of far greater influence, on the number of 
patients sent to hospital if the attention of the physicians m gene- 
ral had been drawn to this facies morbi and they therefore were 
more liable to make this diagnosis. We must therefore ask: Is 
there any reason to believe that the doctors of Copenhagen arc 
more liable now to make the diagnosis of hypcrlhyrcoidism or to 
ventilate it than they were ten years ago? The answer to this ques- 


/» 


tion is undoubtedly; Yes. 

Determination of the B.W.R., was, it is true, also used previ- 
ously, but it is within the last ten years that it has become com- 
monly used, not only in the hospital departments, but also amongst 
the practising physicians, particularly through the S.O.L. (T*>c 
laboratory of the Panel Doctors’ Organisation), and as regards the 
influence of this upon the diagnosis we can only expect it to act gra- 
dually as the doctors through determination of the B.M.IT grow 
accustomed to the fact that loss in weight, lack of emotional ba- 
lance, tendency towards diaiThoca, cardiac trouble, particularly 
perpetual arrhythmia, etc., may be symptoms of hypertiiyreoi- 
dism, even though ocular symptoms and goiter arc little jironoun- 
ced or completely absent. We must therefore reckon that pari of the 
increase during the ten-year period is due to imjirovcd diagnostic.s. 

We cannot from the present data, in the form in wliieh they are 
presented here, draw any definite conclusions as to whether the 
morbidity has also been increased during the said ten-year period. 
In order to decide this it would be necessary to go through each 


case and group the cases according to their severity, as Siillstrum 
has done it, Slillslrdm surely being right when he concludes that an 
increased morbidity Avould also result in an increase, of the severe 
cases, which avc must reckon would at any lime of the period 
have been diagnosed. Now an older clinician will sav that to day 
patients with hyperthyreoidism present a. less severe facies morbi 
(liffcrcnt from vhat they did 20-2.5 year,, ago, al xvhirh lime 
ocu ar symptoms and goilcr were .seemingly far more froqnenl. Iinl 
tins IS probably due to tlic diagnosis previously only having been 
made on patients will, II, esc conspicuous symptoms - il was 
,e ore le time wlicn wc made deter, ninalions of I be B M H — 
But this IS long before the lc„-year pciod wc a,-c denliug will, 

“cl U„:V 

and the less severe cases has not changed so „i„el, during 
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the period that it can account for the rise of 250 per cent, as would 
be the case if this rise was only due to improved diagnostics, and 
this estimate is very decisively supported by the following report by 
Schmith and Krarup. I therefore feel justified in reckoning that an 
increase in the number of patients admitted of 250 per cent, within 
the ten-year period definitely indicates that there has been a true in- 
crease in morbidity. 

I shall now deal with the jump that has occurred duringthe 
present year. This increase must no doubt indicate something that 
is different from the gradual rise during the previous ten j'ears. 

It is true that the data have only been collected at a single 
department, the total figure from the Copenhagen Municipality 
cannot be obtained until the annual reports have been worked 
out. The distributing doctor, however, declares that the increase 
cannot be due to any change in the distribution of patients between 
the departments and that these patients Ijave not been specially 
sent to our department; this view is verified by remarks from other 
medical departments, who all declare »>we are full up with hyper- 
thyreoidisuu). Corresponding remarks are heard from practitioners, 
from the surgical departments which operate upon the patients 
with hyperthyreoidism, and also to a certain extent from the neu- 
rologic and psychiatric clinics. 

It must be considered as out of the question that this sudden 
enormous increase should be due to a suddenly improved ability to 
make the diagnosis. And it is not only the less severe cases which 
have increased in incidence. It is a characteristic fact that amongst 
the patients received during the last year at our department, 80 per 
cent, had been sent to the hospital under the diagnosis of hyper- 
thyreoidism or the like. The above-mentioned fact that during 
the last year we have had five cases of spontaneous thyreotoxic cri- 
ses also shows that not all our cases have been slight; and further 
the symptoms seem to be the same as those found in our patients 
with hyperthyreoidism during the ten-year period 1932—1941 (see 
the following paper by Schmith & Krarup). 

Thus, all facts seem to indicate that the sudden increase in 1942 
is really a pronounced increasee in morbidity, and the question arises, 
whether we can in any manner explain this phenomenon. 

Regarding the etiology of hyperthyreoidism, we know that 
the genotype plays a not unimportant part; this is seen from the 
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heredity, xvWch is pronounced and has recently been discussed 
(Bartels). We do not know whether other exogenous raclors may 
play their part - but it we are dealing with a Irno nse in morlndiU , 

tliis musi be the case. , . i 

As it is known, the emotional factors liavc often been strongly 

pointed out in this connection. But • I cannot see that because 
emotional factors are of imporlanee in the history of the patients, 
we are justified in concluding anything regarding the etiology; it is 
a matter of course that when a disease has a period of latency of 
varying length, during which emotional lability is a pronounced 
symptom, the patients themselves will often reckon that the onset 
of the disease dates from psychic shock, without this necessarily 
being the true onset of the disease. Therefore, if it is contended lliat 
the War with its anxiety and grievances is the cause of the present 
accumulation of hypcrlhyrcoidism. I will answer that in the first 
place it has not so far been proved that emotional factom play 
any primary part as etiological factor in hyperthyreoidism, and se- 
condly that such factors do not seem to be particularly frct|ucnl in 
the history of our present patients. As far as possible I have per- 
sonally asked the pali'cnls. A large number of them have slated 
that they have not had any particular sorrow or grievances — neither 
do they give such an impression — other palicnt-s themselves relate 
their disease to some emotional experience or other, but this does 
not seem to happen more frequently than previously. Furl her it is 
worth noticing that so far wc liavc not received any information 
about similar rises in the morbidity from the countries which arc 
regularly at war, and this was to be expected if llie emotional fac- 
tors played the decisive part. Neither during the war IDM — 1918 
were corresponding rises in incidence oliscrvcd. 

The question naturally rises whether anything in the nutrilio- 
nal conditions caused by the war may be Hie cause, bill regarding 
such factors we arc without knowledge of any kind. 

One tting must be taken into account, and lhat is ibe iodized 
salt. As It IS known, the question wlicllicr iodized salt may cause 
hyperthyreoidism has been of great importance in Ihc goile’r areas 
but I have not been able to find any convincing |mblicatio„s. 

toTabsmlr' 

In this country, at any rate in Copenhagen, iodized sail has l„ 
25 Ada med. scandinav. Vol. CXXl. 



458 


E. MEULENGRACHT 

an increasing extent been used as table salt, particularly Kelp iodine 
salt. This salt is liked because it is finely granulated and is therefore 
nice for table use. It is not used for cooking. 

,I have asked some of the patients with hyperthyreoidism, and 
some patients without hyperthyreoidism, which kind of salt'they 
used. 14 out of 35 patients with hyperthyreoidism had used iodine 
salt for a longer period or occasionally, whilst 48 out of 220 none- 
hyperthyreoidism patients had used the salt correspondingly. This 
gives 40 and 22 per cent, resp., but the figures for the hyperthyreoi- 
dism group are so small, that I do not feel justified in regarding the 
difference as decisive. 

I have some analyses of various samples of iodized salt (i\^Ir. 
K. W. Jackerott, Kontrollaboratoriet): 


1 kg Kelp iodized salt contains 16 mg KJ 

1 kg » » » » 6 mg i> 

1 kg » » » » 8 mg » 

1 kg » » » » ; . 10 mg » 

1 kg C. Thyge Ludvigsen & Co. iodine dry 

salt contains 15 mg » 


From the Kelp iodine salt factory I have been informed that an 
iodine compound is added to the salt w^hich results in a total of 13 
mgs iodine per kg. 

We thus see that 1 kg iodized salt only contains some few mgs 
iodine, and that if a person consumes e.g. 1 gram of table salt daily, 
it will take him three years to consume these few mgs of iodine. 
Thus, one must believe in homoeopathies, if one is to think that 
these doses are of any consequence to the present question. The 
quantity of iodine in Kelp iodine salt corresponds to what is found 
in natural ocean salt or stone salt, but the iodine evaporates during 
the preparations w'hich the salt goes through before it is sold as 
cooldng salt. 

As we know% we have had two extraordinary cold winters 
colder than we- have had for over 100 years. Sallstrom states that 
in Sweden there are more cases of hyperthyreoidism in regions with 
a continental climate than with an insular climate. I vill leave open 
the question, -whether the climatic conditions in this country have 
been of any importance. 
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As it is known, the question of a relationship between hyper- 
thjTeoidisni and an infection has also been discussed, in this country 
by Soiling. As regards this point we cannot say anything in con- 
nection with the present accumulalion of cases. 

It is therefore my opinion that avc will do best in just registering 
the fact that we have at present an »cpidcmic» of hyperthyreoi- 
dism, and observ'e the phenomenon carefully, but admit that so far 
we are not able to explain it. 
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Introduction. 

Even al a rather early juncture attempts were made to divide 
tlie symptom complex of uremia into various groups. 

hi 1845 Moore (47) reported a case history with chieXly cerebral 
symptoms that in perspicuity comes up to the most modern de- 
scriptions of angiospastic encephalopathy. 

In 1895 Senator (71) gave an excellent description of the acute 
uremia, »iiraniische Ekiampsio, with various uremic equiva- 
lents (among others, the earliest accounts of transitory pareses and 
hemiplegia), and of the chronic uremia in its various forms. In 
agreement with his contemporaries, however. Senator thought 
that tile various forms iiad the same pathogenesis, saying: »Oh die 
Unimie aent odcr chronich vcrlauft, wird wohl davou abhiingen, 
oh die Uebcrladung dcs Bhilcs mil schtidlichen Stoffen plotzlich 
einlritt odcr sich allmiililich entwickelt». 

With this statement Senator subscribed to the theory originally 
advanced by Wilson (86) in 1833: that the various symptoms of 
uremia are due to intoxication with tlie toxic substances retained 
on account of the kidney lesion. Notwithstanding the very com- 
jireheiisive investigations carried out subsequently, it has not yet 
lieen settled conclusively which substances bring about this in- 
toxication (31, 79, 80). 

In contrast to this chemical tJieory, in 1861 Traiibe (74) ad- 
vanced the mechanical or anatomical theory, according to whicE 
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the uremic symptoms arc attributed to cerebral oedema from by- 
dren^ The oedema theory Yvas soon Uuwn into the background 
liou-ever, especially after Colmhcim bad established that .djsentc of 
cerebral oedema was a frequent autopsy finding m pa .cn s who 
died of uremia. Now the chief importance was again attached o 
the changes in the blood and tissue, fluids owing to retention of the 
urine, whereas the cerebral oedema that was observed occasionally 
was considered a concomitant phenomenon — perhaps of inflam- 


matory nature. 

A few authors, especially Rosenslein (07) (1891) tried to combine 
the chemical and the mechanical lheoric.s, assuming that among the 
urinary elements retained there were some snlistancc.s.uhich gaAC 
rise to anemia of the brain through arteriospasms with or without 


oedema. 

When 'rraube’s theory was not adopted liy his emit emjiorarie.s, 
it was primarily because at that lime uremia was still looked iijion 
as a nosological unity, and ardent search was made for a patho- 
genesis common to its various manifestations. 

Towards the end of the last century a few authore (Oti) o.\)ircsscd 
some doubt about tliis unity, .Still, to Ascoli (3) (1903) goes the 
credit for being the first to emphasize that the various clinical 
pictures of uremia hardly may be due to a common cause. In his 
lectures he reviewed a variegated lot of case histories and con- 
cluded that )>cinc allgemeinc lirkliining dor Uramie . . . nichl mdg- 
lich und stattliaft isto. After this, he set up two groups: «Urin:iniici> 
and srenale Uramic». The first group comjiri.scs the following synql- 
loms. mental and physical debility, confusion, dvspnca. stupor, 
and coma; these phenomena were a.scribcd to the substances re- 
tained. The second group compri.sc.s the syniiiloms: liyiiertcnsion. 
eclamptic attacks, parcsc.s, amaurosis, etc. — and they were attri- 
buted to certain cylotoxins or ncphrolysins. sulislancos assumed 
to arise in the injured kidney tissue. 


In France, in 1903 and following years, Widal (85) and colla- 
lorators earned out some extensive clinical and ex]ierimenlal 

on ol the urcn.,c mamfestaliom into ,1c syndrome at.ole,„i„ ....rf 
* symdrome chlon.rd.nie,. Oeden.a of the' b,„i„ 

6 cerebral symptoms was allribuled to rclenlion of chlorides. 
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In the meantime, Peabody (55) (1891) and Rosenstein (67) 
(1894) had advanced the hypothesis that the cerebral symptoms of 
uremia might be due to vascular spasm, but lliis Iheoiy was first 
formulated more precisely by Pal (53, 54) in the beginning of this 
century. 

In German}^ in the \’cars after the appearance of the works of 
Ascoli, the concept of uremia underwent further division when 
Reiss (59, GO, 61) and, especially, Volhard (78, 79) set up the three 
types: 1) true uremia (retention uremia), 2) eclamptic uremia, and 
3) pseudouremia. In eclamptic uremia the symptoms were assumed 
to be brought about by oedema of the brain, whereas in pseudo- 
uremia the symptoms were assumed to result from vascular spasms. 

In its typical form, the cdamplic nrcmfa (which Volhard origin- 
ally designated as acute pscudouremia) reminds of epileptic seizures. 
Often, but not always, it is associated with certain prodromal 
symptoms: headache, dizziness, nausea, vomiting, paresthesias. 
At the same time there is a rise in the blood pressure. 

After this, in the more severe cases, the patient soon becomes 
unconscious, and clonic convulsions make their appearance; most 
often the}' arc universal, but they may be unilateral or shift from 
one region to another. The convulsion lasts from seconds to minutes, 
and often it reappears several times in the following hours. As a 
rule the patient is paie, witli cyanosis during the conmilsive attacks, 
the breathing is stertorous, and there may be foam about the 
mouth. Often the pupils are dilated, the tendon reflexes are greatty 
accentuated, and Babinski’s sign is often positive. There is an 
additional rise in the blood pressure, which is increased before- 
hand. 

After the attack the patient may present hemiplegia or isola- 
ted pareses, aphasia, amaurosis, disturbances of the hearing or 
mental changes. Usually these phenomena subside rapidly 
within some hours. In a few cases they arc seen to last longer, 
sometimes turning into permanent rest-symptoms in the form of 
isolated paresis, paresthesias or scotoma. 

Occasionally transitory attacks are seen of paresis, amaurosis, 
aphasia, etc. in patients without eclampsia, and these phenomena 
are then designated as eclamptic equivalents. 

Eclamptic uremia appears preferably in patients with acute 
or subacute glomerulonephritis, but it may be encountered also in 
patients with increased blood pressure from some other cause. 
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In pseudoiiremia we meet witli more chronic symptoms: head-- 
ache (often of migraine-like character), dizziness, fatigue, lowered 
capacity for concentration, impairment of the memorj", insomnia, 
irritability and depression. But sometimes we also meet wilh symp- 
toms appearing in attacks that in some degree resemble the eclamp- 
tic equivalents in the acute eclamptic uremia: brief fainting spells, 
disturbances of the vision, hearing and speech, mental changes, 
and attacks of Cheyne-Stokes’ breathing. These phenomena may 
be merely of brief duration but most often they arc more jirolracted 
than in eclamptic uremia. In many cases the clinical picture at 
first resembles a cerebral hemorrhage. The attacks appear most 

often in elderly patients wilh arterial hypertension and arterio- 
sclerosis. 

In U. S. A., finally, Oppenheimer & Fishberg (;")1) (1928) su«- 
gested the term diypertensive encephalopathy, as a common dc- 

tilTi ri is not prae- 

of il, I '"0 

nilts. ‘ analogy with angio.spastic rcti- 

"■idel.v to ll.e palhologic-anatonin f '>''™ ''ir/ered 

manifestalioii (34, 70, 87) ' ^'’""''‘■"">11 for their clinicnl 


IiUnc,j Fmca.„. 

tliG cliniciitu: t 

''•■■■■d - had got so fa; as lomZ“lZ ' 
drora tile old urcniic syndrome 1“ ''ore montioiie, 

‘ '“ become tile prevailing view ihiMr"" '‘'"''ogciiclic unity 
f®™ fs 'Veii as the clironic " '"™l>''alo|ialiiv i„ i, 

^talc Of the ,<id„;.f *pe..den..npo,. iin. 
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The study of the renal function with reliable functional tests 
has shown that the most pronounced forms of angiospastic en- 
cephalopathy may occur in patients without any kidney lesion, and 
■that in patients with kidney affections there appears to be no cor- 
relation between the degree of a possible impairment of the kidney 
function and the frequency, duration and intensity of the acute 
cerebral symptoms. 

In mechanical obstruction of the urinary passages the encephalo- 
pathy is very rare. 

There is no doubt, however, that in certain cases the impair- 
ment of the kidney function may act as accessory pathogenetic 
factor. Thus retention of water may increase or bring about the 
cerebral oedema which undoubtedly plays a role in the acute form 
of the encephalopathy. But the water retention is not the only de- 
cisive factor, and the encephalopathy is very rare in nephrosis — 
where the water retention is particularly marked. 

Something similar applies to the salt retention, to which parti- 
cular importance has been attached by French investigators 
(40, 85). As a rule, however, water and salt retention will not be 
due to lowering of the kidney function. 

Arterial Hypertension. 

Even at an early juncture the clinicians were aware that the 
cerebral symptoms of the old uremic syndrome were closely as- 
sociated with hypertension. Subsequent e.vperiences have shown 
that in the various forms of angiospastic encephalopath}' the ap- 
pearance of the cerebral symptoms generally is preceded by a rather 
considerable hypertension, and that a rather marked rise in the 
arterial pressure, especially the distolic, is found in immediate con- 
nection with the attack. 

In children with glomerulonephritis Blackfan (7, 8) found the eventual 
cerebral symptoms to appear when the systolic pressure reached over 140 
mm. 

It is reasonable, then, to assume some causal connection be- 
tween the cerebral symptoms and the hypertension or the phe- 
nomena bringing about the hy'^pertension; 

This is further confirmed by the similarity between angiospastic 
encephalopathy and the cerebral symptoms of eclampsia in preg- 
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nancy and salnrninc c,.cepl.aIol.ntl,y. In cclan.p«n of prcgnan y 
the conx-nlsivc aUacks are invariably accompanied by liypcrlcn- 
sion, Mtercas ll.e kidney Innclion as a rule is pnimpairod. Also 
lead enccplialopalliy is often associated ayiUi hypertension and 
the convulsions and amaurosis increase^and decrease. Avilh the 
variations in the blood pressure (39, i)3, 77). 


Thus Labadic-Lagrave & Laiibry (39) observed a palienl with acute 
lead poisoning wlio became blind wlien the systolic pro-'^sure reached 250 
mm. Amyl nitrite lowered the pressure to 170 mm. simultaneously with 
the return of the vision. An hour later the anmurosis returned, and then it 
again subsided slowly as the blood pressure gradually returned to norma! 
level. 


It is not all cases of lead encephalopathy, however, that arc 
accompanied liy hyjtertcnsion (16, 18). 


Evans (16), for instance, has seen convulsions in a jialienl with I>’ad 
cncephaiopatliy, in wliom no increase in the Mood pi’o.'^siire could be rle- 
monslraled at the lime of the attack, but the retina showed a considerable 
degree of A’nsoconstriclion. 


In keeping with the more recent liioories monlioned, below it Im.s 
been assumed that the patients showing no incrca.se in blood pre.s- 
surc during the attacks arc liable to artcrio.spasms in Ute retina and 
the brain, but not in llie splanchnic field and other placo.s. 


In analogy with this, then, it will he rcasonalilc thooretically 
to assume that, depending on the extent of tlic arteriospasm.s, we 
might also meet with cases of angio.sjiasUc cncopiialopalhy with 
hypertension during llic attacks and a normal blood pressure out- 
side the attacks — possibly even with cases in which the al lacks 
were not associated with any increase in the blood jiressiire. 

Indeed Kennedy, \Yorlis & Wort is (37), Harfred (4) and olhcr.s 
have mentioned instances of transitory liemiplegia, etc., in patients 
with arteriosclerosis hut without hypertension. 


The Cerebral Oedema Theory. 


It is an old-established 
of the brain noAv and then 
mia. 


c.vperience Hint a inonounecd oedema 
is observed in patients w!m died of urc- 


y iraiibc (7.1) 1801, ,v|,o look ii (o be the cimsc of Ike rorehrni 

.ymploms Ike .,rc,..ic syndrome - h, parlicni.u, Ike" I 
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attacks. Traube thought the convulsions Avere due to an anemia 
of the brain brought about by the oedema, especially Avlien this 
was localized to the mesencephalon, whereas oedema of the hemi- 

splieres resulted in uremic coma. 

^ * 

This oedema theory was Supported by a few other investiga- 
tors (65) l>ut before long it was forced into the background, and 
it was not adopted again till Ascoli (3), Reiss (59, 60, 61) and, es- 
pecially, Volhard (78, 70, 80) through their investigations had 
arrived at a clinical ’ differentiation of the old uremic syndrome. 
Now the cerebral oedema is generally taken to be the cause of 
the symptom complex which, as suggested by Volhard (78, 79), is 
designated as »eclamptic uremia#, -while Oppenheim & Fishberg (51) 
designate it as »acute hypertensive encephalopathy#. 

The pathogenetic significance of this oedema has been substan- 
tiated through a great number of observations. 

1. Autopsy on patients who died with these acute eclamptic 
phenomena has often revealed a more or less pronounced oedema of 
the brain (7, 8, 30, 79, 80). The weight of tlie brain may be increased 
consideral)!}', the gyri are found to be flattened, the ventricles 
are compressed to mere slits, and in the more severe degrees of 
oedema the cerebellum may be deformed conically through pres- 
sure against the foramen magnum (7, 8). Also the pia may be 
markedly oedematous. In some case, on the other hand, no oedema 
is found on autopsy (13, 18, 54). In this connection it is to be empha- 
sized that the post-mortem changes may be difficult to interpret 
as in some degree they will depend on the position of the head of 
the patient at the time of death and after. P'orthermore, the in- 
fluence of the agony on the post-mortem findings may be incalcul- 
able. As pointed out by Volhard (79), the increase in the volume of 
the brain wall be most conspicuous on examination of horizontal 
section of the brain in situ. 

2. On spinal puncture these patients usually show marked in- 
crease in the pressure that is assumed to be due to an increase in 
the volume of the brain — not, or only in a lesser degree, to an in- 
crease in the amount of cerebrospinal fluid. 

In the cases Avhere the cerebellum, as mentioned above, is 
pressed down against the foramen magnum, the spinal fluid pres- 
sure may still be normal or even lowered. Under these conditions 
the evacuation of spinal fluid may be associated with a consid- 
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erable risk and ought to 


i)e performed only under simultaneous 


measuring of the pressure. 

’ Thus Gorke & Toppich (30) have reported the case of a patient with 

pressure of 45 nun. mercury. After evacuation of a small J J 

fluid there was an additional fall in the pressure,- and -the patient cuea 
suddenly. Autopsy showed that the brain was pressed firmly down against 

the foramen magnum. 

In patients with eclampsia of pregnancy, Zangemci.slcr (90) has 
found a high intracranial pressure intra vilam (l)y trepanation) 


as well as post mortem. 

3. It is a common clinical experience that ingestion of fairly 
large amounts of water in patients with acute glomerulonephritis 
may induce acute eclamptic attacks (17, 43, 79, 80). 

In experiments on dogs with administration of a large amount 
of water Row-ntree (68) has seen a considerable increase iti the 
intracranial pressure associated with convulsions, and on autopsy 
he found oedema of the brain. 

In keeping hcrew'ith, it is emphasized as an indisputable clini- 
cal observation, that the eclamptic atlacks may be prcvcnlcd 
successfully by putliug tlie patients on a did poor in salt and 
water (43, 50). 


In 80 patients with war nephritis who wore given water ad lilutum, 
Nonnenbruch (50) observed IG cases of acute angiospastic ouccph.alopalhy, 
whereas after restriction of the water supply only 1 case was observed 
among several hundred patients. Fnrlliermore, this only iialient is .said 
shortly before the onset of tlic coimitsivo attack to Itavo di.sohoycd the 
directions and taken large amounts of water. 


The manifest eclamptic phenomena arc furllicr combated witli 
a fair degree of certainly by intravenous, peroral or rectal admin- 
istration of byperlonic solutions of glucose or magnesium sulphalc, 
which are assumed to draw water from the tissues — in casu. the 
brain tissue — out into the blood stream. 


4. In a few cases eclamptic phenomena have liccn described ir 
patients suffering from neplirosis (30, 40, 46, 49). But sucii isolated 
instances - ,>museum specimens,) - dug out of an extensive world 
hterature and cited again and again are not very convincing 
Furthermore, a more thorough and critical review of the orioinal 
reports w.ll often show that (he doc.,n.o„.atio„ in .he InSnn! 
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cases has been ratlier thin. The same applies to the frequently cited 
instances of Quincke’s oedema in eclampsia (58, 64, 72). 

Still, some authors are yet inclined to deny the cerebral oedema 
a decisive importance to the appearance of the eclamptic pheno- 
mena. Thus Idchtwitz (42) emphasizes that cerebral oedema with- 
out eclampsia is a frequent observation while, conversely, no oedema 
may be demonstrable in several patients with »eclamptic uremiai) 
and that convulsions are practically never seen in patients suffering 
from nephrosis — the oedematous affection par excellence. 

Tlie details in the development of the cerebral oedema are still 
obscure. It is not simply just a part of a universal oedema, as this 
condition most often is absent or inconspicuous in such patients. 

Some investigators, in particular of the French school (40, 85) 
have attached considerable importance to the assumed shifts in the 
osmotic aspects on account of the chloride retention, but this asser- 
tion appears not yet to have been substantiated conclusively. 
Other authors have imagined that the increased blood pressure in 
these patients brought about a high spinal fluid pressure and an 
increase in the- amount of intracranial fluid. But neither clinical 
nor experimental investigations (5, 25, 38, 82) have been able- to 
confirm tliis decisively. 

On the otlier hand, the spinal fluid pressure is largely dependent 
on the increase in venous pressure, as may be observed directly on 
exertion of abdominal pressure and in Queckenstedt’s experiment 
— and has been demonstrated experimentally by many authors 
(5, 32, 82). Still, an increase in the venous pressure will not give 
rise to particularly pronounced cerebral phenomena, and usually 
no increase in venous pressure is found in patients with angio- 
spastic encephalopathy. 

It is now the prevailing vieAv that the cerebral oedema encoun- 
tered in patients with hypertensive encephalopathy results from 
an ischemic injur}^ to the capillaries owing to arteriospasms, and it 
has been compared to the oedema -which accompanies angiospas 
tic phenomena in the retina. 

Cerebral V asoconsiriciion. 

Judging from the evidence now available it seems reasonable 
to assume that arterial hypertension is the result of an increase 
in the tonus of the peripheral arterioles over large areas, but as yet 
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,ve k„ 0 «' l,ul mile or ..oUnng as lo whcll.er U,c cerebral bloort 

vessels arc involved in this process. . i i 

various aulhors - in particular Pal (54) (190o) - Lave a<l- 
vanced the idea 11, at the increased tonus of the arterioles presenl 
in hvperlension. would dispose lo localized vascular s])asms. 

These spasms occur generally ()>arlcrial high-pressure criscs») oi 
regionally in various isolated vascular licUls; peripherally (the 
)>dead lingers') and crural cramps of patients with hypertension), 
in the coronary arteries (angina pectoris), in the mescnl eric vessels 
(angina abdominis), and in the retinal vessels (angiosjiastic reti- 
nopathy). Similar cerebral vascular spasms are^ taken by several 
authors to be the cause of the cerebral symptoms in hypertensive 


encephalopathy. 

The theory about the cerebral vascular spasms was advanced 
already towards the end of the past century, first by Peabody (no) 
(1891) and shortly after by Rosenstcin (67). who thought that 
uremia w-as associated with a retention of suiistanccs \Yiiich jiro- 
duced anemia of llie brain by arteriospasms with or without oedema. 
Correspondingly, it had been assumed previously that the con- 
vulsions in eclampsia of pregnancy were due to vascular spasm.s in 
the kidneys and brain, elicited by the labor pain — just as al.so 
lead encephalopathy was assumed to be due to cerebral anemia (66). 

Corresponding considerations were advanced Ijy Pal (.Tk T)!) 
who likewise emphasized the resemblance between the symptoms 
in lead encephalopathy and the cerebral .symptoms in uremia, 
saying: )>Die Erscheimmgen sind bei der Uriimic im wesent lichen 
dieselbe wde wir sie bei schwerem Bleikolik .sehcn». Numerous 
subsequent investigators have subscribed to this view, and the 
theory has been adopted wddely, in particular after ^'o]llard (78, 79 
80) had published his works. 


Volhard assumes that circulatory disturbances owing lo (he 
vascular spasms constitute the pathogenetic factor common to the 
eclamptic and pseudouremic phenomena. He slated ‘lliat the 
circulatory disturbances due to the vascular sjiasms mav be gene- 

ahzed or localized, permanent or transitory, and commence suddenlv 
or insidiously. 

In circulatory disturbances with acute onset the changes in the 
permca nuty of the capillaries will oftc. bo proclcnion.,, b, ' 
about the uppearanco of ccrcbrol odem and, by (his, uu inceast 



KM fi pr.i'cu\ri>»iHiXt snrr, 

in Ui.- iutnicraninl j.ro'-Mm*. Hydrostatic factors arc claimed, 
Innvi vcr, t<r t)c aide to ijilhimcc Hu- lorali/alioii of l],,; oedema and 
thus of ilif ‘.ymjitoins loo. 

If the circulatory disturlmnccs develop more i^radmdly or be- 
come parlifidarly pionounced. (he cerelnal vasoct.ustriclion ami 
ischemia will prcdnmitirile. ‘I'he jdieiiomeiia may make their ap- 
pcar.mre tlumpdi general increase in the vaseniar tomis vJtlioiit 
mlcriosclerosis, hat it may ah-» ajipear in localized arteriosclerosis 
v.ifhont <'cneia!i/ed va->^oconstrii‘tion. 

S'Mn'-tinies \vi‘ may meet ssith mised forms of the two types 
and the ’.ymjdoms may he accentnated hy water retention o\vini> 
to the pre'.nee of a kidney l.-vinn, I'.eita! insiiffirienv seems to 
prmuote the appearane*- of the amjiospastie (dienotneiia, hot this 
Herd tiot he assoeialed with retention of vasnartive snlistaiucs. 1ml 
ralher ^\)th an i!Ufi-;t‘e!l c.rodnelion of sneh sidistances. 

( ^ s’* I'ishher;.; (ol) stthserilie to the considerations 
*•>'1 fmth hy Vothard, hnt Ihty do not think that the two forms are 
differentiated di>.iinitly. hi arterial hypertension the cerebral 
Vessel* as a rub- are insadveii in the universal arterinle-eonstrirfion 
in such a manner that the hlood-flo’,' tiuonoh the hraiii and the 
pressure in tlo' rerclual capillary keep at snmewlmt normal levels. 
When the increas-- in [>ri"nre is parlicnlarly sudden or violent, 
however, this (ecidation may fail in one of two ways: 

It If the contraction of the cerebral arterudes is md so slroiii' 
that it corresponds to tin- j.;cncnd ri'*’ in the arterial pressure, the 
jncssnie in the cerchral capillaries will increase, ami this may (five 
ri'c to Oedema, 

2) lit vafion.s n'diotis the ccn'hral arteries or arterioles may 
react with sneh piononneerl spasms limt ischemia apiicars, rc- 
snllino in focal cerchral symjdmns. Tfiis hap[»ens especially when 
the vessels are attciiosclerotic, as arteriosclerosis disposes to 
spasms. 

'1 iicsc ide.is have now been adopted fieiierally, bnt, as ciu- 
pliasi/ed by Volhard (7‘.t). nnulern research in this field has not 
;nlvanei(i very far yet, so that this view still may hardly he said 
to have pot ;ihove the level of the hypotliesis. 

In the last decades a preat deal of work lias been carried ont 
in studies on the cireiilalory nspeets of the brain in ordei to obtain 
an experimental and cxai’t emjdrii'al fonndalion for the clinical 
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theory concerning U.c appearance ot Ihe cerebral 

an their significance to the. various symptoms of the angiospastic 

“Tn'jlomfcaUy and physiologically, lire cerebral vessels differ in 
several respects from other vascular fields, hrom a tclcologiw 
point of view nature may be said above all to have provided for 
the blood supply of the brain. 

As is wellknown, the more essential part of the blood flow to 
the brain goes through the basilar artery and the internal carotids, 
which jointly -form the so-called circle of Willis, wherefrom the 
blood is distributed to all the six chief arterial stems of the Inain. 
This ensures the blood supply of the brain even if one of the affer- 
ent vessels — for instance, one of the internal carotids — .should 
become blocked. Furthermore, there is an anaslomosis with the 
external carotid through the ophthalmic arlery. 

While previously the cerebral arteries were taken essentially 
to be end-arteries (Cohnheim), more recent investigations have 
established the presence of an abundant network of anastomoses. 
Thus, in studies on cat brains Campbell (10) has demonstrated 
anastomoses between large arteries, csjiecially in the pia, numerous 
anastomoses between the precapillary arterioles and plentiful capil- 
lary anastomoses. 

Histologically the cerebral vessels arc chai'aelerir.ed by the 
elastic membrane being thicker here than in other ari erics. W’ith 
advancing age this layer undergoes hypertrophy and is divided 
into two or more laminre. This is of particular importance on ac- 
count of the relative Aveakness bf the outer layers. 

The grey substance of the brain is provided with considerably 
more capillaries than is the Avhitc .substance, about GOO — 1000 min 
per mm3 as against 200-300 mm (14, 27) Roughly, the number of 
capillaries is proportional to the oxygen consumption (27), 

The blood supply of the brain is subject to a vcrv*^finc regula- 
tion in which several different mechanisms participate; 

Our knowledge concerning the regulatory factors is of a rather 
recent date, and until recently the observations in this respect 
have been rather eonflicling. I„ (i,e i„tn,. 

pceb ol the cerebral crenialion has been cinei.lated on several 
points^ Kxtracerebral factors play a very great role. Still, it may 
notv be considered established that an iniraeerchral regnlalion 
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exists too; and chemical agents (especially CO^) play a considerable 
role in this regulation. The presence of cerebral vasomotors appears 
to have been established with certainty, but evidently they play a 
somewhat minor role. 

Generally the extracerebral regulatory mechanism will not only 
ensure the blood supply when there is a tendency to anoxemia, but 
also ensure against congestion. 

The variations in the arterial blood pressure appear to be of 
overwhelming importance to the blood perfusion of the brain, and 
hence this too is subject to the influence of the various blood-pres- 
sure-regulating mechanisms, the sinus caroticus and otlier reflex 
regulators (84, 88). 

The influence of variations in the blood pressure on the caliber 
of the cerebral vessels has. been investigated in various ways— with 
somewhat varying results. 

Fog (22) measured the changes in the diameter of the pia 
vessels in cats after experimental increase in blood pressure (in- 
traveous injection of adrenalin, stimulation of the splanchnic 
nerves or compression of the abdominal aorta) and found in most of 
the cases a moderate vasoconstriction of the small arteries. The 
lower the initial blood pressure, the more pronounced was the vaso- 
constriction. A sudden great rise in blood pressure, however, was 
able to overcome the regulation and give vasodilation. Regulation 
of the tonus persisted after bilateral division of the cervical sym- 
pathetic branches and all the vasomotor nerves from the aorta 
and carotid sinus. — Conversely, a fall in blood pressure was asso- 
ciated with vasodilatation (19, 20). 

Changes in the chemical composition of the blood affect the ar- 
terial diameter in a marked degree. This applies in particular to 
universal or local changes in the GO 2 content of the blood. An in- 
crease in the COg content gives dilatation, especially of the. pia ves- 
sels, in a lesser degree of the intracerebral vessels (41, 69, 89). 

A similar eJffect is seen after administration of various drugs 
(especially nitroglycerin, amyl nitrite, acetyl cholin, ether and 
alcohol) (69). 

Various investigators have obtained somewhat deviating re- 
sults ^Yith direct application or intravenous injection of adrenalin. 

On measuring the diameter of the pia vessels after direct appli 
cation of adrenalin in cats Fog (21) found contraction of the larger 



ANCIOSI'ASTIC encephalopatuy * ^ 

arleries ])ut no measurable changes in the diameter of the small 
m^erio/es. Quite the same result .as obtained after nUr— 
iniection of adrenalin .hen the arterial pressure was kept tonstanl. 

As far as I have been able to find out, the vasomotor innerva- 
tion of the cerebral vessels proper has not been invcstiga e 
thoroughly, but studies on the pia vessels have been reported ly 


several authors (23, 24, 69). i 

Stimulation of the cervical sympathetic fibers gives a umlaleral 

vasoconstriction independent of the simultaneous changes in the 
arterial pressure. But the contraction involves only arteries with 
a diameter over 50 y,, and it is considerably less pronounced than 
the changes observed in the capillaiy diameters obtained .ilh I lie 
same experimental technique (in a proportion of about 1: 10). 
Conversely, stimulation of the jiarasynqialhetic fibers gives dila- 
tation of the pia vessels. 

Tlic various regulatory mechanisms as a rule apjiear to be 
very finely coordinated. Usually the capillaries of the pia — I he 
cerebral blood vessels whicli have been .studied most often — are al- 
ways seen to be open; the diameter of the arterioles clianges but 
in a slight degree, and the blood flow through these vessels is re- 
markably constant (23), changing Jiardly in any measurable degree 
on changes in the activity in the brain — for instance, in changing 
from wakefulness to sleep. 


In the various physiological e.xpcriments as a rule the changes 
observed have been so small that it seems reasonable to assume that 


the vasomotor activity of the cerebral vessels is too .eak to be able 
under ordinary circumstances to produce any real anoxemia. 
•Spasms and complete obliteration of the vessels appear to occur 
only on direct thermic, electrical or mechanical irritation of the 
normal vessel Avail. ' ^ 


So e\^en though various clinical observations have been taken 
as evidence of extensive angiospasms in the brain, no experimental 
findings have lent support to the vicAv that such read ions may be 
produced neurogenicalljr. 

Still It is possible, or even very likely, that the matter stands 
diffeiently Avhen the vessels arc the site of morbid changes (18 57) 
Under various pathological conditions, espcciallv in epilepsy 
ra her pronounced vascular plicnomciia have been obselved in 
attacks Avhich occurred under trepanation. Iii epileptics, Penfield 
so Ada med, scandinap. VoL CXXL 



474 


KNUD BROCHNER-MORTENSEN 

(56) found seizures associated with sudden cessation of a visible 
pulsation of the cerebral artery and congestion, less frequently 
pallor of the pia, and sometimes post-convulsive arterial spasms 
In epileptics Kennedy, Wortis & Wortis (37) observed ischemia of 
the cortex prior to a seizure; and this phenomenon has been reported 
by several other authors. In contrast hereto, as far as I have been 
able to find out, no thorough and definite observations have been 
reported on the vessels of the brain in patients with angiospastic 
encephalopathy. 

In the absence of such direct observations and indisputable 
experimental findings, a number of arguments have been advanced 
in support of the assumption that hypertensive encephalopathy 
is due to cerebral arteriospasms. 

In the discussion of this question, great importance has been 
attached to the changes observed in the diameter of the retinal 
vessels in patients wdth angiospastic encephalopathy. Several 
investigators have observed that in these patients a transitory 
amaurosis or scotoma is associated with spastic obliteration of the 
retinal vessels and that this obliteration ceases when the visual 
disturbances subside. 

Thus, as early as 1897, Wagenmann (81) observed vascular spasms in 
the retina during attacks of amaurosis in an elderly man. 

Similar findings have been reported in patients with lead 
poisoning (15, IG, 39, 53) and eclampsia of pregnancy (33). 

Furthermore, clinicians have pointed out that the angiospastic 
pathogenesis is rendered probable by the sudden appearance and 
cessation of convulsions, pareses, amaurosis, etc., and the rapid 
shifts in the cerebral symptoms. 

Osier (52) thus described the case of a patient in whom numerous 
attacks of monoplegia and hemiplegia, besides amaurosis, set in suddenly 
and disappeared rapidly through a period of 5 years. 

Chauffard (12) observed a patient in whom the convulsions shifted 
quickly from one side to the other. 

Fishberg (18) has reported the case of a patient with glomerulonephri- 
tis, in w'bom the convulsions sometimes appeared in one extremity, some- 
times in two. 

Further, as an argument in favor of the angiospastic patlio- 
genesis, the fact has been pointed out that the blood pressure 
increases considerably in direct connection ivith tlie attack. 



475 


ANGIOSVASTIC r.A'Cr.PHALOPATIl V 

u has been emphasized that in angiospaslic encephalopathy 
some of the symptoms corresponded to the findings in expenmen- 
tal anemia of the brain (produced, Xor instance, by ligation o ic 
four cerebral- arteries) and also to certain features seen m many 
morbid conditions accompanied by cerebral anoxia (acute cardiac 
insufficiency, heart block, severe paroxysmal tachycardia, carbon 
monoxide poisoning, cyanide poisoning, strangulation, etc.). 

Finally it has been pointed out that the cerebral plicnoincna 
sometimes disappeared under medicament al treatment with vaso- 
dilating remedies (69), corresponding to the observations con- 
cerning the retinal changes. 

As mentioned above, in the pathogenetic interpretation of the 
cerebral phenomena considerable importance has been attached 
to their fleeting character. Indeed, this apjilics to most of the casc.s 
but not infrequently there appears to be a gradual transition 
to irreparable conditions — owing to thrombosis or heniorrliagcs 
into the brain tissue. It was this gradual transition that led Vol- 
hard (79, 80) to cal! attention to the more, recent conception of the, 
pathogenesis of the cerebral hemorrhage (48, 62, 68, 70, S3). 

According to this, in contrast to tlic earlier view, llic cerebral 
liemorrliage is not due to a direct rupture of the blood vessels (the 
meclianical theory), for this would not lead to tlie extensive deterior- 
ation of brain tissue. Often a large hemorrhage is surrounded by 
small hemorrJiages. The primary procc.ss is assumed to be deterior- 
ation of the brain tissue with necrobiosis of the cells and of the 
walls of the small blood vessels. 

Now Volhard (79, SO) thinks transitory angiosi)astic pheno- 
mena may be precursors of the apoplectic attack, and that quite 
similar clianges may be seen in cerebral embolism and thrombosis. 
Thus we meet with quite gradual tran.sitions between the various 
cerebral manifestations of the hypertension. 


Conclusion. 

cernl™ I"™''''"®. oi>'' prescil l!novvIccii!c coii- 

I, ’ >’''“'“’8™“'® of fl'oso cerebral plienomeiia is verv rtefer,- 

lunclion. TJicy turn up cbicfly in palicnis vitl, hyncrleiKin,; 
^Vb.ch rs turiber incrcasct, tinrins Ibo more nontc 
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but quite similar phenomena seem to be able to appear in patienb 
with a normal blood pressure. Oedema of the brain is found in 
several cases but this is no constant finding, and at present it is 
the prevailing \’iew that the cerebral oedema results from an ische- 
mic injury to the capillaries. On the whole, it seems most likely 
that these phenomena appear as a result of a cerebral vasocon- 
striction, even though the experimental foundation for this view 
as 5'et is rather slim. ' 

It therefore seems natural indeed to employ the term i>angio- 
spastic encephalopathy)) for this clinical syndrome — in analogy 
with the term angiospastic retinopathy. 

It is reasonable to assume that the vasoconstriction constitutes 
the common basis for the encephalopathy in its various clinical 
types, and it seems doubtful whether it may be justified to main- 
tain the sharp distinction made by Volhard betu'een the types 
))eclamptic uromia» and »pseudouremiai). It seems more likely 
merel}' to involve a difference between clinical manifestation of 
the same pathological phenomenon, the cerebral vasoconstriction. 

According to the modern conception of the pathogenesis and 
pathological anatom}' of the cerebral hemorrhage, there also 
appears to be a fairly gradual transition between the chronic form 
of angiospastic encephalopathy and the manifest permanent damage 
to the brain in cerebral hemorrhage and thrombosis. 

Even though we thus assume a common pathogenesis for these 
phenomena, it may perhaps be of some importance, especially with 
a view’ to the prognosis, as far as practicable to make a clinical 
differentiation. 

The characteristic acute attack, appearing in patients wth 
acute glomerulonephritis — and corresponding to Volhard s eclamp- 
tic uremia — might perhaps be designated as )>eclampsia nephriti- 
corum», in analogy with the designation »eclampsia g^a^^darum)> 

The term angiospastic encephalopathy might be employed for 
cases corresponding to Volhard's »chronic)> pseudouremia, w'hich 
occurs especially in patients wdth arteriosclerosis and hypertension, 
in their clinical featmes and, especially, in their course, these cases 
differ from the manifest hemorrhage or thrombosis of the brain. 
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Writer’s Clinical Observations. 

Jn the Medical Dcp. HI of the Komnwnc Hosiufal, (.opcii- 
hagea, in the period from July 1943 to September lO-lJ nltogctber 
16 patients have been treated under the diagnosis angiospastic 
enceplialopathy. Tliis material includes only patients ylh pro- 
nounced symptoms (sec case records). Tlic total number of patients 
admitted to tliis department in this period was 2176. By measuung 
of the blood pressure in 2369 of these patients, a systolic pressure 
of more than 200 mm. mercury was found in 92 patients and a 


pressure of 160 — ^200 in 286, 

Of these 16 patients 9 were women and 7 men, while the propor- 
tion bctAYcen Avomon and men in the total number of patients foi 
this period was about 8: 10, 

The average age of llic patients was 60 veal’s (I was 43 ycar.s. 
9 were 50—59 years, 4 were 60—69 years, and 2 were 76 years 


old). About half of the patients were rather obese. 

Six of the patients were admitted in direct connection with the 
acute attacks, rvhile 4 entered the hospital 1 — 1 wcehs aflor the 
onset. In 6 patients the symptoms had been present several times 
through a period of 1 — 10 years. 

During the attacks, imconsciousncss was olisorvcd in 8 pnliciits. 
Convulsions occurred in 2' patients (Nos. 8 and 10) — in both 
cases as clonic convulsions in the arms and legs. Only in one of 
them were the conwilsions accompanied by unconsciousness. 

Parescs occurred in 10 patients, sometimes in the form of 
monoplegia, sometimes as licmiplegia. Ainong llic cases in which 


the paratysis appeared repeatedly, its localization shifted in some 
patients, while it remained constant in oDicrs. In some cases 
the parcscs lasted a few inimite.s, in others a few hours, and then 
they disappeared rather suddenly and completely. In one patient 
there was a rather .sudden improvement after a couple of liours 
and then the rest-symptoms subsided slowly. In some cases the 
symptoms subsided but slowly, so all sorts of transitions were 
seen between rapid and .slow disappearance of the symptoms, 
he neurological examination, which usually was perfonned on 
no of the first days after admission, revealed no abnormality in 8 
patients. Among the remaining 8 patients, 3 presented parcscs or 
impairment of muscular power, 6 showed abnormalities of refiexes 
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(in 2 this -was limited to a positive Babinski’s sign) and 1 patient 
presented sensory disturbances. 

Aphasia occurred in 4 patients, in 3 of whom it soon disappeared, 
while in the fourth it persisted for about 1 month although varying 
markedly in degree. 

Severe dislurbances of vision occurred in 5 patients; transitory 
blindness of brief duration in 2; transitory blindness with persis- 
tent paracentral scotoma in 1; gradual impairment of vision due to 
increasing retinopathy in 1; and thrombosis of the central vein of 
the retina in 1. 

Severe disturbances of the hearing did not occur in this material. 

Paresthesias occurred in 4 patients. 2 of them had frequent 
attacks of paresthesias of the fingers, in 1 they were localized to the 
left leg, and in 1 patient pareslhe.sias appeared in the left arm and 
leg 3 weeks before a left-sided hemiplegia. 

Paroxysmal dyspnea occurred in 2 patients. In 1 (No. 11) it 
appeared together with a left-sided hemiplegia which disappeared 
within a couple of hours. The other patient (No. 1) had repeated 
attacks of violent dj^spnea, and she died during one of these at- 
tacks; autopsy showed perivascular oedema and perivascular 
hemorrhages together with tigrolysis of the ganglion cells, espe- 
cially round the middle of the 4’ ventricle. Volhard (79) has empha- 
sized the paroxysmal dyspnea as an eclamptic equivalent pre- 
sumably due to arteriospasms in the vicinity of the respiratory 
center. 

Dizziness occurred in 8 patients, in attaclcs or more constantly. 
Of other relatively constant symptoms, headache occurred in 9 
patients, marked impairment of the memory in 1, insomnia in 2, 
depression and irritability in 3. Several patients showed various 
vague mental changes in the days following the attacks, and these 
changes were noticeable particularly to the relatives of the patients; 
in other cases the mental habitus was apparently quite unaffected. 

The spinal fluid was examined in 14 cases, as a rule in the morn- 
ing after admission of the patient, in a few cases later. On measuring 
of the pres.sHre in prone position in 13 of these patients, the initial 
pressure was found to be 390 mm. water in 1 patient (No. 8), 320 
mm. in another (No. 7). After evacuation of 5 cm® the pressure in 
these 2 patients was 230 and 250 mm, respectively. In 5 patients 
the initial pressure was between 220 and 290 mm. In 1 of these five 



angiospastic ENCEPHACOPATin 


479 


natieirts the evacuation of 5 cm= of spinal flnid reduced the pressure 
from 290 to 230 mm; in the remaining 4 patients the pressme ^^as 

lowered to values beUveen 190 and -140. 

In the remaining 6 patients the initial spinal pressure was 
between 135 and 190 mm. In 2 of them evacuation of o cm of fluid 
lowered the pressure respectivelj^ from 190 to 60 mm and from 
135 to 60 mm, but both of these patients sliowed a normal ri.se and 
fall in the pressure in Queckenstedt’s test (and this applies to all 
the 11 patients examined in this way). 

The evacuated spinal fluid was examined in the Neurological 


Laboratory of the Kommunc Hospital. 

On protein determination after Bi.sgaard’s method, 2 patients 
(Nos. 11 and 6) showed globulin values of 2 and 4, respectively, and 
albumin of 15 and 30. All the remaining patients showed globulin 


values of 0 or 1, and albumin values between 9 and 20, including 
7 values over 12 (15 in 5 paticnt.s, 18 in 2). 

The cell count showed 0/3 cells per mm® of spinal fluid in 7 
patients, 1/3 — 3/3 in 5, and 6/3 in 2. 

In 'all 14 patients the spinal fluid gave a negative Wassermann 
reaction. 1 of these patients (No. 6) gave positive reactions for 
syphilis in the blood (Wassermann 5, Kahn 7, Mcinicke .strong). In 
all the other 15 patients the Wassermann reaction in the blood 
was negative. 

The total outcome of these spinal fluid cxaminalions may then 
be summed up as follows: 3 patients showed a high spinal fluid pres- 
sure, and after the evacuation of 5 cm® of fluid the pressure still 
kept at a level over 200 mm water. It is to be menlioncd. however, 
that the spinal fluid was not examined in the strictly acute jihase 
of the encephalopathy, during which jircsumably an increased 
pressure would have been found in more patients. 2 patients showed 
a moderate increase in globulin, and several patients a slight 

increase in albumin. The cell count was normal in all the patients 
examined. 


Eye Examinalion: Oplitlmlniological examinalion rcvcaleil vn 
cular etages in 15 ot the 16 palienls: rtislinct arlcriospasnis in 
change m caliber of the arteries in 8, compression ot veins at II 
crossings in 11. Hemorrhages were found in C, cxiidale in 4. .\nm 
the 3 patients in whom tlie .systolic blood pressure at no iime w 
Men to exceed 200 mm mercury, distinct .aricriospasms wol 
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found in 1. Changes in caliber without spasms in 1 .(No. 12) who 
was examined 2 days after the attack; and a normal badiound 
of the eye in 1 (No. 9) who was examined 4 days after the cessation 
of the attack. If the examination had been performed during the 
attack, which in the last 2 cases was rather acute, it possibly 
WTDuld have shown arteriospasms. 

In most of the patients the pupils were found to be of medium 
size. In 2 patients (Nos. 7 and 11), the pupils were markedly dilated 
an d reacted to light but sluggishly on admission of these patients, ' 
respectively 1 and 3 days after the attack; but later on the pupils 
were normal. 

Blood Pressure. On admission a blood pressure over 200/100 mm 
mercury was found in 13 patients. In 4 of them the high values 
peristed. In 7 patients the systolic pressure fell to values between 
100 and 160, vvhile the diastolic pressure kept at a level between 100 
and 120. In 1 patient (No. 7) the pressure gradually fell to 180/95 
and in 1 patient (No. 13) to 165/70. 

In the remaining 3 patients (Nos. 9, 12, 14) the systolic pressure 
on admission was found to be 160 — 190, the diastolic pressure 100, 
•w'hile later the sj^stolic pressure was 120 — 145, the diastolic 65— 
80. 

In keeping with previous experiences, the present material 
shows that ihe increase in blood pressure is parlicularlij pronounced 
for the diastolic pressure. It furtlier illustrates that angiospastic 
encephalopathy occurs also in p'atients without a permanent in- 
crease in blood pressure. 

Only in a few cases has there been an opportunity to examine 
the patients in immediate connection with the attacks, and hence 
the material gives no information about the interesting question 
w'hether angiospastic encephalopathy may appear without a rise 
in blood pressure in the phase of the attack. Theoretically) as 
mentioned, it w'ould be reasonable to assume that this might be 
the case when the arteriospasms were localized to a narrow region. 

Kidney Function: Measuring of the urea clearance was per- 
formed in all 16 cases. 

In 8 patients — i. e., in one-half of the material the values 
obtained kept within the normal range of variation, varying be- 
tween 72 and 107 % of the normal average value. Chemical and mi- 
croscopical examination of the urine show'ed no abnormality in 3 of 



' angiospastic encephalopathy 481 

these paLieuls; albuminuria, but no palhological form-elemcnls, 
in 2; pyuria due lo colon bacilli in 2; and hemaluna in 1. 

8 patients showed unquestionably decreased values foi the 
urea clearance: 6 showed values between 36 and 57 %. and 2 gave 
values of 8 and 13 %. Chemical and microscopic examinalion 
of the urine showed no abnormalities in 2 of these cases, albumin- 
uria in 3, and pyuria due to colon bacilli in 4 . 

As a part of another investigation. Dr, Hildcn made deternu- 
nation of the diodrast clearance after a single subcutaneous injec- 
tion on 14 of the patients. Values, over 500 cm® (unqucslionably 
normal) were found only in 2 patients, values between 400 and. 
499 in 1, between 300 and 399 in 3, between 200 and 299 in 4, 


between 100 and 199 in 3. and 26 cm^ in 1. 

Hilden’s (35) normal material of- 10 patients showed values 
between 511 and 643 cm^. In larger-normal material the values 


have varied between 350 and 900 cm®. 

In several cases distinct dissociation was observed between the 
changes in the urea clearance and in diodrast clearance, the latter 
being lowered in a higher degree than the former, 'J'Jiis difference 
has been found previously in patients with arterial hypertension 
(26, 29) or chronic nephritis (36), presumably signifying a decrease 
in the blood-flow through the kidneys resulting from vascular 
changes and/or lowered capacity for secretion in the tubules due 
to degenerative changes. 

In the 3 patients who presented no abnormality in the. urea 
clearance test and in the chemical and microscopic examination of 
the urine, the values obtained for the diodrast clearance were 416, 
539 and 539 cm®, respectively. In these 3 patients, (hen. no sign of 
any organic kidney lesion was demonstrated, whereas changes of 
some kind or other were found in the remaining 13 })aticnls. 

So the piesent material- has confirmed .the jirevious clinical 
experience: that angiospastic encephalopathy may appear in 
patients in whom a thorough examination fails to reveal any 
signs of a kidney lesion. 


A decrease in the Iddney function, with or without pathological 
changes in the urine, however, has been demonstrated in a greater 
majon y of the patients. But here, too, no correlation Avas found 
between the measures for the kidney function and the frequenev 
duration and intensity of the cerebral symptoms. ^ ^ ' 
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Electrocardiography: In 9 of the patients tlie electrocardio- 
gram showed a preponderance of the left side; and this was the 
•only change observed in 2 of them. Changes in the terminal com- 
plex were found in 10 patients. Auricular fibrillation was demon- 
■strated in 3. Only 3 patients showed no pathological changes in 
the electrocardiogram. 

Differential Diagnosis. 

As is evident from the above, the symptomatology is rather 
variegated and yet, after some observations it may be summarized 
into a characteristic nosographic entity. 

In several cases, however, the differential diagnosis may be 
rather difficult at the first observation of the patient and require 
a rather thorough examination, as several different lesions may give 
rise to the appearance of similar morbid features. This applies to a 
number of lesions which may bring about such conditions as cere- 
bral anoxia, acute cardiac insufficiency, Adam Stokes’ attack, 
transitory auricular fibrillation, paroxysmal tachycardia, various 
‘forms of poisoning (carbon monoxide, cyanide, etc.) besides, encep- 
halitis, tumor of the brain with oedema, and cerebral embolism, 
hemorrhage and thrombosis. From what has been said above, it is ' 
reasonable to assume that there is a fairly gradual transition 
between the chronic angiospastic encephalopathy and the perma- 
nent damage to the brain in cerebral hemorrhage and thrombosis, 
iind also between angiospastic encephalopathy and arteriosclero- 
sis of the brain. 


Prognosis. 

The prognosis is uncertain and largely dependent onthegener- 
fil condition of the patient. Death may occur during the more 
severe attacks. As a rule, frequent attacks of angiospastic ence- 
phalopathy have to be looked upon as a serious sign; various clini- 
cians have emphasized especially the paroxysmal dyspnea ns a 
bad omen. On the other hand, we meet with patients who have 
more or less frequent attacks of angiospastic encephalopathy 
through a good many years before they die. In several cases per- 
manent mental changes are seen even after the first attacks. 
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Therapy. 

The present material has given therapeutic experienced only in 
a slight degree. For often the acute phase of the encep la opa ij 
will have subsided before the patient enters the hospital. 

The therapeutic methods generally employed in the acute 
phases are venesection, lumbar puncture and intravenous injec- 
tion of various h 3 T'^rtonic solutions. 

Venesection with evacuation of 500 cm^ of blood ought prob- 
ably to be performed in eveiy instance of angiospastic encephalo- 
pathy, unless the patient already is very anemic. In many cases this 
measure will have an excellent effect even though it gives niciely 
a moderate fall in blood pressure. 

Lumbar Puncture. — In keeping with what has been said in the 
preceding, lumbar puncture should be jierformcd onl\' with great 
cautiousness and under simultaneous measuring of the spinal 
fluid pressure, avoiding anj’ ri.sk of collapse from pressure of tlie 
oedematous brain against the foramen magnum. Often tlie patients 
will feel relieved after evacuation of a few cm^ of spinal fluid. 
A^olhard (79) has reported the case of a patient with eclamptic 
amaurosis, in whom the sight suddenly returned during the. spinal 
puncture. 

Intravenous Infection of Hypertonic Solutions. — .\s a rule 
intravenous injections of a hypertonic solution of glucose or sodium 
chloride Avill bring about a fall in the spinal fluid pressure, although 
this usuallj’ ma}"^ be followed ly a considerably .sceondarj' rise, 
often to a level above that of the initial prc.ssurc (9, 41). ' 

After injection of hypertonic solutions of saccharose the second- 
ary rise in pressure is somewhat smaller (45), but various clini- 
cians advise against the employment of this substance as it is claimed 

to be able to produce degenerative changes in the convoluted 
tubules (2), 

Magnesium sulphate was originally employed by Blackfan it 
McKhann (8) and it has been recommended warmly by I'ishherg 
(18). Adults, for instance, may be given a slow intravenous injec- 
tion of 10 cm3 of soj. iiiagnii sulfatis pro inj. D.D. (20 %) On over- 
dosage, with threatening respiratory failure, the patient is given 
an intravenous injection of calcium a.s, for instance, 10~-20 cm3 of 
Sol. calcn gluconatis pro inj. D.D. (10 o/„). The mode of action 
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of magnesium sulphate has not been fully elucidated, but most 
likely the effect is due in part to relaxation of the smooth muscula- 
ture of the arterial wall. . ■ 

Employment of the various vasodilating remedies — e.g., nitri- 
tes, acetylcholin, alcohol — is well-founded theoretically, but in 
practice it appears to be only of slight therapeutic value. Probably 
the same applies to the employment of various spasmolytics of the 
papaverin group, of whidr in particular eupaverin and neupaverin 
have been employed. In some of the present cases ^Ye examined 
the relation between the variations in blood pressure and the 
cerebral symptom after administration of vasodilating remedies. 
In 1 patient (No. 6) the systolic blood pressure decreased after 
inhalation of 5 eg of amyl nitrite from 220 to 190 mm mercury, 
and simultaneously the aphasia present subsided distinctly; but 
this effect was merely transitory. No real and lasting favorable 
effect was observed in any case. 

In the presence of more severe convulsions, the patient is given 
chloral hydrate or Somnifen in large doses. 

Outside the acute attadts, ordinary hygienic diatetic measures, 
are employed as usually in arterial hypertension. Volhard recom- 
mends a salt-free diet poor in water, but the results of this appear 
to be uncertain, and it means a great inconvenience to the patient. 

Summary. 

In Dep. Ill of the Kommune Hospital, 16 patients with angio- 
spastic encephalopathy were admitted in a period of about one 
year. The case histories are given here. 

In this connection, various problems are discussed, especially 
concerning the pathogenesis. It is emphasized that in view of our 
present knowledge it is most reasonable to assume that spasms of 
the cerebral blood vessels constitute the main factor in the ap 
pearance of this lesion. 

Case records. 

Woman, aged 43, wife of glazier. Rec. No. Ill, 1065/43. Admitted 

13/4—23/7/43. . . 

Since- 1916, chronic glomerulonephritis. In the last half year, increasing 
headache and impairment of vision. Lately, repeated attacks of mar e 
dyspnea. 
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Blood Pressure: 250/175—220/150. Electrocardiography: IPOPlodriC T 
albumin; -b loucocylcs; + colon bacilli. Urea slaiulard clear- 


AvaA'es. 

ance:' 7 cm’. Diodrasl clearance: 30 cm’. Blood urea: 

_ Plasma bicarbonate varying behveen -il a.ul C3 vol. % CO.,. Sen.m cblonde 

345 — 383mg%. . , ... 

Ophthalmoscopxj: Arteries of unequal caliber, relatively narrow, \oin.s 
markedly tortuous, with Gun’s phenomenon, -f hemorrhage, -h exudate. 
Spinal fluid not examined. Neurological exam.: No abnormality. 

Here in the hospital the patient had numerous attacks of violent 
dyspnea, and during one of these attacks she died suddenly. 

Autopsy Diagiwsi.'x: Chronic nephritis; softening of the medulla oblon- 


gata. 

Examination of the Brain (Dr. Erna Christensen): The specimen in- 
cludes 1 blocks of ti.s.sue from the brain; 2 from the medulla oblongata. 2 
from the pons. Sections from the. former 2 show congestion of th<‘ blood 
vessels, perivascular oedema and, in one area, perivascular lymphocyte 
infiltration. In addition, especially the posterior part of the medulla oblon- 
gata, along the 4’ ventricle, presents perivascular hoinorrliagos, very small 
accumulations of red blood cells without any demonstrable connection 
with blood vessels. The tissue on the whole i.s oedemalous. The neryo-cells, 
especially along the 4’ ventricle are swollen and show tigrolysis. .\lso the 
sections from the pons show stasis and oedema, besides small perivascular 
hemorrhages here and there. 

The loA'e] of the sections cannot be determined e.xaclly, but those 
from the medulla oblongata appear to have been taken fixmi about the 
middle of the 4’ ventricle. 


Histological Diagnosis: Stasis and oedema of tiie medulla oblongata. 
Small hemorrhages of the medulla oblongata; Incipient encephalomalacy. 


Case 2. 

Man, aged Gl, painter. Roc. No. Ill, IIGO— 13, Admitted '.V7~-KVfiAJ.3. 

For several years, headache, irritability and attacks of dirxine.ss. In 
connection with a psychic trauma on the day of admi.'^sion. the patient 
became confused, dizzy, with a tendency to falling, and then unconscious 
for a short while. No conAudsions or pareses 

Press,, re: 200/HO-100/IOO. F.karorerdie.raphs: No ,,bn„r„„v 

, faiuuuuii 0, ceils 4/3; Wassermann negative 
Neurological Exam.: No abnormality. 
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Case 3. 

Man, aged 56, ^YO^■kman. Rec. No. Ill, 1263/43. Admitted 29/7-4/9/43 

1 5^ear ago, sudden attack of dizziness and weakness of the legs so that 
the patient dropped to the ground, lasting 2-3 min. A similar attack 3 
months before admission. No convulsions or disturbances of speech. Some- 
times paresthesias of the fingers. 

Blood Pressitre: 230/135 190/110. Electrocardiography: Preponderance 
of tlie left side; Ti negative. 

Urine: No albumin. Urea clearance (maximum): 57 cm’. Diodrast 
clearance: 446 cm’. 

Ophthalmoscopy; Blood vessels characterized by arteriosclerosis; no 
hemorrhage or exudate. 

Spinal jluid: Pressure 180; + increase in Queckenstedt’s test; albumin 
18; globulin 0; cells 2/3; Wassermann negative. 

Neurological Exam.: No abnormality. 

Case 4. 

Woman, aged 56. Wife of workman. Rec. No. Ill, 1370/43. Admitted 
16/9—28/9/43. 

In 1938 loss of consciousness and paresis of the left lower extremity 
for 3 days. Several attacks of transitory paresis of the left upper extremity 
and aphasia. 

Increasing depression, dizziness and headache. 

Blood Pressure: 220/110 — 190/120. Electrocardiography: No abnor- 
mality. 

Urine: No albumin; + colon bacilli. Urea clearance (maximum): 33 
cm’. Diodrast clearance; 250 cm’. 

Ophthalmoscopy: Gun’s phenomenon +. 

Spinal Fluid: Pressure 290; + increase in Queckenstedt’s test; albumin 
15; globulin 0; cells 0/3; Wassermann negative. 

Neurological Exeetn.: No evidence of any gross organic affection. Achilles 
tendon reflex greater on the left side. Doubtful Babinski’s sign on the 
left side. 

Case 5. 

Woman, aged 76, old-age pensioner. Rec. No. Ill, 1482/43. Admitted 
20/9—19/10/43. 

Last 4 ^mars, moderate functional dyspnea, now and then attacks of 
moderate stenocardia, no dizziness. The patient has 4 times had a brief 
attack of unconsciousness; the last one 3 days before admission. Never con- 
vulsions or pareses. 

Blood Pressure: 220/120—220/110. Electrocardiography: Preponder- 
ance of the left side. 

Urine: No albumin; -b leucocytes; + colon bacilli. Urea clearance (max- 
imum); 39 cm’. Diodrast clearance: 288 cm’. ^ 

Ophthalmoscopy, 21/9: Unequal calibration of the blood vessels; Guns 
phenomenon -f-. No hemorrhage or exudate. 
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■!«»' J- inrroasc in Qiiockonslodf’s lost', 
Neurological Exam.-. 23/9: No abnormah(>. 

Man. aged 54,^tailm^ 

a day. Oii 1110 

topaimenfoftr^^^^^^^^ logclher ;vitli aphasia, 

which persisted in a varying degree. 

Blood Pressure: 240/1.10-175/110. hlcctrocardwgrnphj: Uss 1 ^^au. . 
Urine: No albumin; no pathological form elements. L>rea standard 

clearance: 39 cm*. Diodrast clearance: 539 cm*. ... 

Ophthalmoscopy, 9/10.* Unequal calibration of (he arteries; .strungl} 
light-reflecting, positive Gun’s phenomenon; a single sliglit hemorrhage, 

no exudate. i 

Spinal Fluidj 6/10: Pressure 220 -p increase in Queckenstedl s test; 

albumin 30, globulin 4; cells 2/3; Wassermann negative (Wassennann in 
the blood positive). Also previous examinations, in 1942 and 1943, slmwed 
a negative Wassermann reaction in the spinal fluid — in spite of .strongly 
positive reactions in the blood. 

Neurological Exam.-, S/IO: Moderate spastic increase in tonus and accen- 
tuation of reflexes of both right cxlremities. Babinski’.s sign positive on 
both sides. 

The patient Avas gradually gelling wonse, with periodical haziness. 
Now and then, pronounced Chejme-Stokes re.spiralion. He died on 1/11/43. 
Autopsy revealed syphilitic aortitis. 

Examination of the brain (Dr. Erna Christenson) showed (he following' 
features; 

External c.xaniination shows marked sclerosis of the basal arteries; other- 
wise no abnormality. Frontal sections through tlic brain show numerous small 
areas (up to hemp-seed size) of cnccphalomaiacin in the corpus striatum on 
both sides; on the right side, corresponding to the globus pallidus and putamcn, 
an area (more than hazel-nut size) of fresh red enccphalomalacia or hemor- 
rhage. 

No macroscopic abnormality is seen in Iho brain stem and cerebellum. 

frontal horn iviUx small areas of rncephaloma- 

In the vicinity of llic ventricular Avail, an area of cncophaloinalaeia is seen 
Tn? phagocytic cells, microglia and roundcclls in the surromidings 

pccially pcnvascularly; lu one place this process hccomos rvslic and ftie 
cMy Is llled ,vltl, co»8i.l»lc,l III, Id. This pricMs „I 

mcdnllnrA'-shcath degeneration Avhich extends out into tho'snr- 
oundings, w’lnch arc ijie site of oedema and changes in the Idood vessels Aviiti 
hyalin s„ll„„ and l,cs„ „„„ „hl|,cn.l |5„ oJVhc Inll™ ” 

«h „a„«svl„8 01 tho This JppIlW ,|,n' hloriiSS; ’“Z! 
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In these vessels the internal elastic membrane is split into several laminae 
Other arteries are contracted, especially those in the cortex. 

malada'^ ^Iriatum, with a hazel-niil-sized area of encephala- 

The area of encephalomalacia is surrounded by a beginning demarkation 
line with proliferation of blood vessels and accumulation of numerous macro- 
phages containing blood pigment. Otherwise the appearance of this area is the 
same as described above. The larger arteries in the surroundings have under 
gone hyalinization of the wails and partial obliteration. 

Specimen 4. Cortex from the same seclion of the brain. 

The leptomeninges arc thickened and fibrous. The arterial walls in the pia 
ns well as in the cortex arc hyalinizcd and thickened, narrowing the lumina 
here and there with splitting of the internal clastic membrane into laminae! 
Both in the grey and white substance, here and there, marked perivascular 
oedema. In some areas the ncrvc-cclls are swollen with tigrolysis; in other 
areas they have undergone sclerosis; but many of them are well preserved. 

There is no medullary sheath degeneration in sections from this specimen, 
and no area of encephalomalacia. 

Specimen 5. Left hypothalamus from the same section of the brain. 

Hyalinization and atheromatosis of many arteries, and perivascular lympho- 
cyte infiltration round several of them. Some of the nerve-cells are well pre- 
served, others show the same changes- as described in Specimen 4. 

Specimens C and 7, Medulla oblongata in the lower half of the 4' ventricle. 
No microscopically demonstrable cnccplialomalacia in these specimens. The 
arteries of the pia as well as the arteries in the brain tissue show the same 
changes as described in the preceding specimens. A good many of the nerve- 
cells arc swollen and undergoing tigrolysis; but no chronic changes in the form 
of sclerosis arc seen. 


The histological examination of the brain (and examination of the spinal 
fluid) has revealed no evidence of a syphilitic lesion. The numerous small 
areas of encephalomalacia appear to be of vascular origin as hyalinized and 
thickened vessels with narrowed lumina are seen everywhere. In addition, 
the larger arteries show atheromatous changes. 

Thus angiospastic encephalopathy appears to be the most probable 
diagnosis. 


Case 7. 

Woman, aged 57, seamstress. Rec. No. Ill, 1687/43. Admitted 14/9 

27/11/43. _ w 1 

Since 1935, mitral heart lesion and auricular fibrillation and functional 

dyspnea and precordial pain. In 1936, transitory paresis of the right arm, 

lasting a couple of days. 3 days before admission, unconsciousness lasting 

for several hours, without convulsions or paresis. The pupils were dilated, 
not reacting to light; and Babinski’s sign -|- on both sides. Blood pressure; 

270/170. No signs of cardiac insufficiency. 

Blood Pressure; 210/140—180/95. Electrocardiography: Auricular Iibri- 

lation. , , 

Urine: No albumin; -f- leucocytes; + colon bacilli. Urea clearance 

(maximum). 33 cm®. Diodrast clearance: 199 cm*. 

Ophthalmoscopy, 16/9; Arteries markedly light-reflecting; -f i 
phenomenon; no hemorrhage or exudate. 
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Spinal Fluid: 17/9; Pressure 320 + increase m Queckenstedt s si, 
albumin 12- rfobulin 0; cells 0/3; Wassermann negalive. _ 

Neurolosical Exam., 21/9: Slight accentuation of reflexes on rigid side. 

Babinski’s sign doubtful on right side. ^ ,• if most 

With a view to the pronounced angiospastic rctmopath\ , ,il is in. si 
likely that the cerebral phenomena are due to vascular siiasms. Mso the 
previous attack of transitory paresis is suggestive of this diagnosis. 


Case S. 

Man, aged 52, yard master. Rec. No. Ill, 1703/43, Admitted lo/lO 
11/12/43. 

For the last IS months, headache. 2 weeks before admission, iincon- 
scioHsness for 15 min, with spasms of the arms and legs. After-this attack 
the patient was somewhat hazy, with lowering of the visual acuity. One 
hour later, a similar attack. Admitted to the Dep. of Neurology, from 
whence he was transferred to this Dep. 

Blood Prmnrc;. 210/130— 175/100. Eleclrocardiographp: Preponderance 
of the left side; T, diphasic. 

Urine: + albumin; no pathological form-elements. Urea clearance 
(maximum); G7 cmk Diodrast clearance; 295 cnP. 

Ophthalmoscopy: Arteries markedly contracted; -f- Gun’s phenomenon; 
+ hemorrhage; exudates. Paracentral scotomas on both side.s. 

Spinal Fluid; Pressure 390; increase in Qiieckenstedt’s test; albumin 
11; globulin 0; cells 6/3; Wassermann negative. 

Neurological Exam.: No abnormality. 


Case 9. 

Man, aged 57, mechanic. Rec. No. Ill, 149/44. Admitted 7/1—20/1/4 1. 
In childhood, epilepsy; as adult, only 1 at tack, at the age of 35. During 
last 7 years, periodical broncliitis. 

On the day of admission, during work, sudden attack of paresis of the 
light arm; no unconsciou.sness, convulsions or disturbance of speech. After 
2 hours, the paresis disappeared again quite suddenly. 

Blood Pressure, on admission: 160/100; later: 140/70 — 120/05 Fh'rtra- 
cardiography: No abnormality. 

Urine: No albumin; no pathological form-elements. Urea clctmnrc 
(maximum); GO cm=>. Diodrast clearance: 3S2 enP 
Ophthalmoscopy, u/1: No abnormality. 

Apmaf Mnid, lo/i; Pressure 220; -f increase in Qneckensfedf’s test- 
albumm 0; globulin 0; cells; .3/3; M^ssermann negative ' 

A eurologicttl Exam. 1 0/1: No abnormality. 

Case 10. 

Dteembor isi« Iransllory impairment or visinn, ntlor ivl.ich all,,,. 
Ada mcd. scandinav. Vol. CXXI. 
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minuria and hypcrLension were ascertained. Later, increasing functiona] 
dyspnea, stenocardia, fatigue and headache. Lately, now and then spasms 
of the arms and legs, and paresthesias of the left leg. 

Blood Pressure; 220/130—170/100. Electrocardiography: Preponderance 
of the left side; Tj negative. 

Urine: + albumin. No pathological formed elements. Urea clearance 
(maximum); 6 cm=. Diodrast clearance; 34 cm^. Blood urea; 100—130 
mg%. Serum bicarbonate; 43 vol. % GO,. Serum chloride; 338—355 
mg %. 

Ophthalmoscopy: Arteries contracted, silver-glistening; + exudate- 
-f hemorrhage. 

Spinal Fluid: Albumin 10; globulin 0; cells 0/3; Wassermann negative. 

Neurological Exam.: Hyperesthesias of the left side and the abdomen 
and left lower extremity. Knee-jerks accentuated, but equal. 

Case 11. 

Man, aged 59, saddler. Rec. No. Ill, 335/44. Admitted 23/1—8/3/44. 

In childhood, poliomyelitis with permanent impairment of the muscu- 
lar power of the left lower extremity. During the past 10 years hyperten- 
sion with dizziness and headache. On the day before admission, sudden 
paresis of the left arm and leg, together with aphasia and dyspnea. On 
admission, the pupils were dilated and reacting a little sluggishly to light. 
The symptoms subsided wthin a couple of hours after admission, but 
moderate difficulty in speaking and impairment of the muscular power 
persisted for neai-ly 4 weeks. 

Blood Pressure: 280/1 GO— 230/130. Electrocardiography: Preponderance 
of the left side; all T waves negative. 

Urine: albumin; no pathological formed elements. Urea clearance 

(maximum); 27 cm^ Diodrast clearance; 188 cm^ 

Ophthalmoscopy, 25/1; Vessels somewhat tortuous; + Gun’s phenome- 
non; -f exudate. 

Spinal fluid, 24/1; Pressure 180; albumin 15; globulin 2; cells Was- 
sermann negative. 

Neurological Exam., 25/1; Impairment of muscular power of the left 
arm. Babinski’s sign positive on the right side. Absence of reflexes in the 
left lower extremity (sequelm of poliomyelitis). 


Case 12. 

Woman, aged 67, wife of workman. Rec. No. Ill, 397/44. Admitted 
23/2—17/3/44. 

For the past 3 years, functional dyspnea and palpitation of the heart; 
othenvise no signs of cardiac insufficiency. On the day of admission, n n e 
walking in the street, the patient suddenly had paralysis of the right lower 
extremity, a sensation of tightening round the mouth and paresthesias 
of the fingers; no convulsions, no unconsciousness. On admission to t e 
hospital immediately after this attack, the paralysis had disappeared. 
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Blooi Br,s.urc: mim-mm. Oi. emission, amic.lnr tihrillalion. 

“r no 

* OpMa(»l»ip S5/2: Vessels arleriosclerolie; no spasms. Clionorcl.nal 

sr*;:;- aiimm,.. . 2 , ^,.,.,.,110 „ o^-, 

^Vassormann negative. 

xV«/roZog/ca/£a;rt7H.. '1/3: No definite abnormality. 

Probably the patient is suffering from angiospastic cnccphalopal ly 
IS the symptoms arc localized, whereas anoxia due to transitory aunmilar 
ibrillation prcsnmably would give more diffuse intracranial symptoms. 


Admitted 


7ase 13. 

Woman, aged 70, wife of painter. Rec. No. Ill, S71/-1-1. 

■A 13— 3/6/44. 

For several years, headache and dizziness. Several time.s. transitory 
isturbance of speech — (he hast lime about 1 year before adinis.'jion when, 
he patient also had hemiplegia on the right side which sub.'^ided rapidly. 
)nce her vision was impaired transitorily. 

On the day of admission, brief spell of unconsciousness. On awakening 
cmiplegia on the right side and aphasia. The di.'slurbances of speech .sub- 
ided in the course of (he same day; the paralysis subsided slowly. 

H/ood Pressure: 220/120 — 105/70. Plrclrocardio^rnphii, on admission: 
ormal findings; later: .several transitory attacks of auricular fibrillation. 

Urine: No albumin, no pathological formed elements. T/rea standard 
leavance: 3G cm:'. 

Ophlhalmoscopi/, 27/3: Arteries thin, rigid; + Gun’s phenoiiienon; 
no hemorrhage or exudate. 

Spmal Fluid, ^ 27/3; Pressure MO; 4- increase iii QuockenstedPs (« st; 
albumin 15; globulin 0; cells 0/3, Wassermami negative. 

Neurological Exam., 28/3: Slight paresis and accentuation of r.-fle.ve.s 
on the right side. 

Most likely (he patient is suffering from angiospastic encephalopathy, 
as the symptoms kept being localized to (he left hemisphere, whereas 
anoxia due to transitory auricular fibrillation would give more diffuse 
intracranial symptoms. Prosumab'ly (he possibilitv of cerebral thrombosis 
can be excluded, as the attacks kept being elicitoii from the .same vascular 
region through several years. 

Case 14. 

Man, aged^o, actor. Rec. No. III. lOla/.M. Admitted 2S/5-1/7/.M 

Through the last 17 yeans intermittent claudication and attacks of 
)( ead fingersi). 3 weeks before admissiou, pivvastbesias of the left cvh' . r 

o^-peech’Li. 

‘ ^’ofoie admission transitory blindness- On (he d-iv of nu • 
Sion, hemiplegia on (he left side. •' 
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_ Blood Pressure, on adm.; lSO/100; later: 145/80. Electrocardiography 
Preponderance of the left side; T„ o, 3,' negative. ^ 

Urine: No albumin; no pathological formed dements. Urea clearanre 
(maximum): 59 cm=>. taiauce 

^^^Plnhalmoscopy, 2,\jb: Arteries thin; + Gun’s phenomenon; + hemor- 


Spinal fluid, 29/5; Pressure 240; 4- increase in Queckenstedt’s test’ 
albumin 15; globulin 0; cells 0/3; Wassermann negative. 

Roentgenography of the skull: Arteriosclerotic vessels on both sides of the 
sella turcica. 


Neurological Exam.; Hemiplegia, left. 

Presumably the symptoms presented by this patient are due to angio 
spastic encephalopathy complicated by cerebral thrombosis. 


Case 15. 

Woman, aged 56, shop assistant. Rec. No. Ill, 1271/44. Admitted 
19/8—23/8/44. 

For 10 — 15 years, hypertension with lieadache, dizziness and insomnia. 
3 — 4 times, a brief fainting spell, with transitory slight pareses. Never 
convulsions or disturbances of speech. 

On the day of admission, unconsciousness for 45 min., without pareses. 

Blood Pressure: 220/130 — 195/115. Electrocardiography: Preponderance 
of the left side. 

Urine: No albumin; + red blood cells; + casts; (+) leucocytes. Urea 
clearance (maximum): 59 cnF. 

Ophthalmoscopy; No abnormality. 

Neurological Exam.: No abnormality. 


Case 16. 

Woman, aged 08, old-age pensioner. Rec. HI, No. 1421/44. Admitted 
2/9—19/9/44. 

For some length of time, loss of memory and insomnia. 7 months be- 
fore admission, sudden blindness of the right eye. One week before admis- 
sion, sudden attack of unconsciousness, lasting 15 min. Since then nausea, 
headache, dizziness and weakness of the left lower extremity. 

Blood Pressure: 280/130—250/140. Electrocardiography: Preponderance 
of the left side. Tj, 2 negative. 

Urine: + albumin; no pathological formed elements. Urea clearance 
(maximum): 70 cm=. 

Ophthalmoscopy, bfQ: Unequally calibrated, glistening, arteries; com- 
pression of veins here and there; thrombosis of the right central lein. 

Spinal Fluid, 4/9: Pressure 160; -f increase' in Queckenstedt’s test; al- 
bumin 18; globulin 1; cells 2/3; Wassermann negative. 

Neurological Exam., 5/9: No pareses; Babinski’s sign positive on the 
left side; Achilles tendon reflexes absent. 

Presumablj’’ the symptoms presented by the patient are due to 
spasms, as no manifest neurological symptoms are found outside t e e^ 
Babinski’s sign, but only the subjective impairment of muscular power. 
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Steatorrhoea artliro — pericardilica. 

(Mesenteric chyladenectasis.) 

Review and report of a case. 

By 

JOHANNES CLEMMESEN. 

(Submillcd lor publication January 26, lO io). 

The object of the present paper is to call the allention of clin- 
icians to a special form of steatorrhoea which hiUierlo has been 
recognised only at post mortem examinations, and consequently 
mainly dealt with by pathologists. As this Icind of steatorrlmcti 
mostly is associated with arthritic atlacks and pericarditis, it is 
well characterised clinically, and it is the hope of llie nuihor that 
this review of ten cases now known, may facilitate the bed-side diag- 
nosis as well as the pathological examination of future cases. No 
doubt these will be found more frequently than would be cxpceled 
from the past. 

Mesenteric chyladenectasis (Mill) which rei)resents tlie main 
common feature of all reports reviewed in the following, is an exces- 
sive dilatation of the mesenteric lymph node sinuses caused by fnl 
depositions and accompanied by infiltration of the neighbouring 
lymph node tissue by a varying number of lipophages, frequently in 
the shape of multinucleated giant cells. This latter histologic 
finding, named lipogranulomatosis, is not uncommon where, disin- 
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tegi-aling fat is being absorbed, while, on the other hand chylade- 
nectasis as such is considered exti-emely rare. With the exception of 
Kloos no author quotes more than a single earlier publication of 
such cases. 

As mesenteric chyladenecUsis has been the main criterion at 
the collection of the present reports, these form a selection of fatal 
cases within the strictest possible limitations. A thorough analysis 
of their clinical features is hampered by the schematic character of 
many clinical histories, found in pathological case reports. The 
most ample — and first — report was given in 1907 by Whipple 
whose case represents the most varied manifestations of the disease. 

To complete the following list, it should be mentioned that in 
1855 Rokitansky reported on similar postmortal findings but 
without referring to any histologic examination. In 1923 Blumgart 
communicated three fatal cases of malabsorption of fat. Comparing 
them with Whipple’s case, Blumgart underlined the differences 
which also to a modern view would seem more outstanding than 
the similarities. Blumgart’s second case may have developed a 
pathological picture similar to WHiipple’s, but unfortunately it has 
not been possible to decide this front the description at hand. 

In 1938 the cases of Korsch and of Gaertner were discussed at a 
joint meeting of the German Pathological Society and Society for 
Intestinal and Metabolic Diseases. In the discussion Schultze refer- 
red to the case of a young man, who had been operated on and 
showed the same postmortal findings as the other patients, hut no 
further clinical or pathological details were given. Also Beitzke 
had made a similar observation but »ich habe nicht recht gevaisst 
was ich mit dem Befund anfangen solltei). 

As for the time being, all clinical and pathological details are 
indispensable for the judgement of such cases, the author has 
been unable to include those of Schultze and Beitzke in the fol- 
lowdng review'. A report by Mohr 1939 has not been accessible to 
the author. 


Case reports. 

I. Wliipple’s case. 1907. 

Medical missionary, aged 36. Measles and w'hooping cough as a 
Chills and fever at 10. Slight attack of pleurisy at 14 — in bed only a day 
or so. (Pleurodynia? J. G.) 29 years old, attack of influenza. 
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For four'and a half years expectoration of moderate quantitj’', and for 
five and a half years frequent, buftransient attacks of arthritis, affecting 
nearly every joint. Sometimes the joints were hot, swollen and tender; at 
other times only painful. The attacks were never associated with fever 
and on but one occasion were they of sufficient severity to confine him to 
bed and for but two daj^s. Gradually a notable loss of strength and weight 
developed, expectoration increased, and evening temperature rose to about 
100 (37.8° C) nine months before death. Three months later a diarrhoea of 
steatorrhoic character set in. The appetite remained good, but a swelling 
of the abdomen increased. A palpable mass developed below and to the 
nght of the umbilicus. Hypochromic anaemia and periodic eosinofilia 
purpunc cutaneous.spols, hot, swollen and discoloured ankles were ob- 
sjve m the hospital. Exploratory laparotomy ivas performed, and led 

nodes f,’’ lymph 

, Odes. The patient died rather suddenly a few days later. 

.0 days before death: Dried stool. 20 gms (paTty aoiS,'c'^r 

(Organic salts etc. 4 gms. 

inaltlt"mtSj; ‘"I 

chronic lymphadenitis- anaeml-t- e r"*^*"*^ glands and thoracic duel; 
ritis, pericarditis and ’aortic endoc™rdms'*'r’a peritonitis, plcii- 

Irophy with fatty degeneration- hyper- 

splenic tumor; hyperplasia of hnnr P‘''ssjve congestion of viscera; . 
laparotomy wound; bronchopneumo*II-''^°"’a ^ swelling of viscera; 
•Plcal scar and 

n. Falir’s case. 1928. 

‘lm'effeXo7to^^ At Ss he suffered for six ’ 

norlting again, but never reached his f., 11 ^ "i '“'''''8'ycerin. He slarled 
PmM as schiatica and rheumali™ inle ' . - 

Six months before dpTin i i 

sometimes abundant expectora ion At n' "Hli coughing and 

^wrhoeas. Wasser„an„^eacta"v,fs ^'''Wng C 

mm. 7«™<1 -'b1oX«su“ tafo'’ 

A»s;“rercr rpr""- ’ 

l^farked universal ann 

-'-I'm-llone.al 

-Isriosclero'sH: ™:"f I’"'™':: y ^ IhHocculous 

onargo hi, as, - 
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epjgloltis and aryepigloftic plicae, (deciibital ulcers.) Spleen 150 gramms 
soft clastic, dark grey at the cut surface, where abundan. very small ivliifish 
spots may be observed. Also in the enlarged lymph nodes there are greV 
whitish spots of pin-head size. They are slightly similar to tuhercles hut 
microscopical examination justifies no connection either ivith tubercles or 
other forms of granuloma. 

Fahr described two sorts of changes in the lymph nodes; The nodes are 
infiltrated by numerous large and small round ma.sses, consisting of con- 
fluent fat surrounded by numerous giant cells resembling foreign body 
giant cells. Furthermore there are numerous nests of fat-containing cells 
of reticular origin. 

Nothing special was reported with regard to the histologic examination 
of the small intestine. 

From the descriptions of l^ahr’s histologic findings and from lii.s mic- 
rographs it seems certain to the author — as it did to Fahr himself — 
that this case represents a perfect analogy to the other cases produced at 
the meeting of the German pathological Society 1938, and it seems unjus- 
tified to exclude it from the list (Kloos). 

HI. Flcischmann’s case. 1030. ' 

Male aged 38. For years suffering from srheumatism of the joints». 
Eight months before death severe emaciation developed, followed by feel- 
ings of pressure and pain in the abdomen, and discharge of gas. Laparo- 
tomy showed enlarged lymphnodes, and a diagnosis of sarcoma was sus- 
pected. Temperature remained slightly increased, and death occurred one 
week after the operation. 

Pathp-anatomical diagnosis: Multiple foreign body granulomas of the 
mesentery, following fat necrosis, (after pancreatic necrosis?). Broncho- 
pneumonias of both lower lobes, accompanied by catarrhal purulent trache- 
itis and bronchitis. Double sero-ha?morrhagic pleuritis. 

Pericardial symphysis. Heart dilated with brown atrophy of myocard. 
Anajmia and progressive fatty infiltration of liver. Cloudy swelling of 
kidnej's. Anmmia. Emaciation. Laparotomy wound. 

IV. Hill’s case. ,1937. 

Polish farmer, aged CO. About four months before death epigastric 
pains, vomiting and diarrhoea. No history of any relative past illness could 
be obtained, with the e.xception of a similar attack 1 year previous. The 
latter assertion was made on only one occasion and could not be con- 
firmed. 

There was a moderate anemia (Hb. CO %), a blood sugar of 35 mg /o- 
The patient who was extremely emaciated subsequently became extremely 
weak, and hypotension developed. His appetite was good, but he uas 
somnolent. The temperature never exceeded normal except during the 
period just before death. Mortal confusion developed, then coma, and the 
patient died. rPostmortal findings: Chronic inflammation and fibrosis 



sTi:.>iTor.r.noi:A AiiTHRo-rr.jMCAr.tiiTicA. 40(1 

in (!i- lymi-1. ft tJif fiitifo inf?<'nt.Tic, i.friiiaiicrcatic and iiin'cr 

r. lnip* rilfii' al rrpmw. 

Till’ pn^'iirc <if Gram-l'fMiivi- forri in idiains in tlin lymptialin 
and lymidi iindt- di'iiinnslrati'd. Tlicir iniinlicr ran )inrall(>I 
will) llic di'pn’c of pnlyniorpliomirlaar Icnkocylic infillralion. In liii' 
iowiT nn^onli'iic nod. ? small imnihors of llmso organisms woro fonnd. 
m.ft fr.qiU'iitly loralrd in the porivasrular lymph spaccs.t 

Anatomical diagnoses: M.^sonlt-ric chyladcncctiifis, chronic and aento 
niifcnlcrir and ndropcrilonoal lymphadenitis and lymphangitis, chronic 
pancreatitis with islet hyperplasia, moderate gonoraUr.cd arteriosclerosis, 
iiepliroselerosis, hrown alrojihy of heart, chronic (tassivo hyperemia of 
liver, spleen, and gaslroinlesiinnl tract, chronic fibrous adhe.sive pori- 
ranlilis, hypo.stalic hroncho[meninonia. and actile .serofibrinous pleiirilis. 

(Pr<'snmaldy it is ernnieous wlien staled by Cdynn &• Rosenheim that 
Hill's case was complicated with slealorrlioea.) 


A', filynn A- Rosenheim's case. IP.'t". 

Male aged M. »Nolhinp in his past history to .suggest any preceding ab- 
dominal le.siom. I year before de.alh upper abdominal paiit. Constipation, 
lo.ss of weight and strength and orcnll blood in the slooKs developed wilh- 
in a few monllis. .\f(er (! months illne.s.s the total fal.s in tlie slools were 
•ll.l per cent, (neutral fats .'i.C. jier eeni, soaps and fatly acids logclher 
ItS.x per eenl.) Afler some time of relative improvement again 1 h’ lost 
weight and was now febrile. Stools were copious, elay coloured and frothy. 
1 month hefor.' (h'ath they eonlained •l.S percent of total fats (neutral fats 
'J'.‘ per cent, split fats 'Ji> (ler ceiil.l lli.s appelile remained good. At the emi 
t.'m!)er.itun' was iioriiial. Slight pigmentation, liissUnde ami low Wood 
pr.‘ssuie, suggested Aildismi’s di.'ea.se, and there was favourable reaclion 
to Kiieorlone. hut diarrhoea recurred and he died, 
l.\ullior's extract front thi- autopsy statement): 

He.trt: I to g eiilarg.'.t. chrouie fit.rohi perirarditis. Tardieu spots 
posleriorly. vi'iitriele.s (iilat.'d and hypertroptiied. 

I.img's: ext.'iisive dry pleiiri.sy on right side, patchy pneumonia of both 
llmg^ hilar .and Irncbeo-bronchi.'d glands large and fleshy and acutely in- 
flamed. bloodstained tmico-pus in air p.assag.-s, 

Liv.’r: stirfare covered nitli sugar ieiiig coating. 


Spleen; sugar icing coating. 

Small ittt.stiue showed atrojdiy of the nuiros.a ami Peyer’.s patches 
at till mark. d ihiekeiiing of the s-naimc«at. nuodetmm thick and of ndde-ry 
f oioi«t.ncy. Nil .i«eiti's 

I.yntjib gl.iiifli. All Ilm imsenli ric lymi.Ii glands were greatly enlarged 
\ar\ing m sir- from ] •• to :i:, 2 mi lb- who!., mass being approxi- 
lual-ly Hi- sir- of a b.et.al bead (17 -S t emi. - •• Tlie aff. n nt lympha- 
tics a^. re mrirk-dh dilateil. Tiler.- was no enl.arc'nienl of (he lyniph' glands 
ft tlw gtvins, axilt;.' or u.ck. but tbes.. n,,,! iliac ail.-ries 

v..r.- slightly .nlmged .and (h.-t.- w. a f. w v. ry la.ege glar.d.s p^,jee^i„.. 
from the brim ..f Ib- p-his. - N„ . vid.-ote ,.f oie-trurti.,,, in !!(.■. thoracic 
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duct was found. Tlie cislerna chyli and large abdominal lymuli 
vvere not examined. Small intestine: fat both in the villi and in the sub- 
mucous lymphatics. Many fat-filled macrophages were present in the cub- 
mucous tissues. 

The diagnosis was of Mesenteric chyladenectasis with steatorrhoea and 
features of Addison’s disease. 

VI. Korsch’s case. 1938. 

Male aged 60. Measles as a child, later gonorrhoea. For ten years rheu- 
matic troubles!). For one year expectoration, and weekly attacks of diziness 
and perspiration. During the last nine months he lost 10 kg, the appetite ' 
diminished, epigastric pressure and vomiting developed. The stools passed 
irregularly but w'ere of a normal colour. Later there was some epigaslrio 
tenderness on pressure. The temperature sometimes rose slightly. By 
radiography an extraventricular tumour’was recognised. Mental confusion 
developed sub finem. 

Patho-anatomical diagnosis: Lipogranulomatosis of the lymph vessels 
from the small intestine. Oil droplets in the chylus vessels of the villi. Lipo- 
granulomatosis especially of mesenteric and retroperitoneal lymph nodes 
confluent to masses of fist-size but less pronounced in mediastinal and 
paratracheal lymph nodes. 

Chronic verrucous endocarditis of aortic valves, without fusion. Former 
valvular mitral endocarditis with calcification. Slackness and dilatation' of 
both ventricles. Open foramen ovale. Complete obliteration of pericardial 
cavity. Chronic pulmonary emphysema and oedema. Harder patches of 
esophageal mucosa. Slight diffuse colloid goiter. Recent congestion of liver 
with cloudy swelling. Splenic tumour with enlargement of Malpighian 
bodies. Right kidney small and deeply situated. Apparent compensatory 
hypertrophy of left kidney. Ureteritis Pyelitis and Cystitis cystica. Prosta- 
tic adenomyomatosis. Almost complete fatty degeneration of adrenal 
cortex. Scars and recent ulcers of the duodenum. Signs of old bleedings 
(pigmented spots) in duodenal mucosa. 

VII. Gaertner’s case. 1938. 

Master butcher aged 30, whose father had suffered from rheumatism 
and heart failure. 

No important diseases in the past, but for three or four years transient 
swelling of the wrists without material rise of temperature. One year befoie 
death a persistent diarrhoea set in, together with the loss of 28^ kg in six 
months. The stools turned grey, and examinations revealed gastric achylia, 
and an increase of diastasis in the urine. (100' E., 600 E.). Following an 
improvement of some months, a htemorrhagic diathesis developed, the bloo 
pressure decreased, and temperature was below normal during the last few 

days. , 

Patho-anatomical findings: Chronic enteritis. Strongly pronouncef 
deposition of fat in mesenteric lymph nodes. Bronchopneumonia. 
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Chronic cnlorhis ol :n”™Kr"'lym,* 

mncosal pigmenlatioii. ^°Thr CmisWernhlo anacinin aiul cinacialion. 
nodes through deposition of fat. Co 'S ^ei able ana 

Atrophy of liver. Bronchopneumonia of 

iltriSrhes-'oelma of lungs! 

ntntalioJ oToirpTitoneal Ihd.fg the dial liragm and 

wall. Oedema of both legs. Thrombosis of inferior vena cava and ili.m p I- 

vic and crural veins in beginning organisation. 

ft is slated that »ErhaUungs7.usland der Darmwand isl sehr schlecliU 
Presumabl.v this is the reason why no lipogranulomalosis of the intestinal 
wall was observed, in contrast to the otlicr cases in which the jiatvent liad 
suffered from stealorrhoea. 

VI If. Hansen & Staa— Jeckeln’s case. 1 930—1 93P. 

Ernst N. 

Male aged 55. No previous severe illness. No enteritis during war st'r- 
vice. At ‘10 transient gastric (roubles. At -lO rheumalic Irotihle.s. Three year.^ 
before death, A*iolen( diarrhoeas following a year of inlcrchanging fliarrlioea 
and constipation. Some months later swelling of bolli ankles, and subse- 
quently swelling, redness and lilecding of the gums. .-Viter another month 
there was an extensive .suhculaneous bleeding on the left thigh. In tliree 
months lime the patient had lost 15 kg, and was now admitted in hospital. 

Height; 164.5 cm. Weight: 50.7 kg. There was a greyisli-bnnvn pig- 
mentation with slight hyperkeratosis and desquamation of the neck, hand.*-, 
dorsal of the feet, over the scapulae and the seat. There wen' numermis 
small haimorrhages in the s];in and sulicu (ancons tissues, and at the ankles 
as well. 

In the report of this period Hansen &Slaa give numerous laboratory 
results, a few of which will he quoted here: 

Blood pressure was helweon 105/-J5 and 110/00. Eioclrocaniiograidiy 
and radiography of lungs gave normal results. Temperature was iionnai. 

Stools Averc normal during the first days. Later he discharg.'d fiOO (o 
1200 gramms of typical sprue stools daily, in three to six times. 

Urine was normal. Diastasis of (he urine amounted fo 10 unit.s. There 
nas a complete achylia. Gatcium of the serum wn.s 13 mg Blooi! e.vi 
minalion showed anaemia (30 %) with a colour index of O.P.‘ Eosinophils 
amounted to 3 per cent. On applicalion of Campolon Diere was a r.'tiJulo- 

measured Tv • Bleeding tin.- 

reluTd IZr "■'"""•■■""Ei' ''-''■'■e- :m\ ,l.o |„. 
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before his deatii. There was tlien oedema of the left leg. Stools were greyish 
with a film of mother-of-pearl on the surface. Hemoglobin amounted to 
44 %, Erythrocytes to 3.3 Mill. Temperature was slightly elevated, 37 8 at 
the most, and in spite of different treatments there was loss of strength 
and he died with pronounced symtoms of heart failure. 

Jeckeln considers the case as a peculiar form of non-tropical sprue 
and discusses the possibility of a complicating sepsis. 

Post-mortal findings; Chronic mitral endocarditis with thickening 
and fusion, of the chord®, but without essential scar formation at the free 
vahmlar margin. Ulcerous and globular endocarditis of aortic valves with 
very considerable excrescenses, mostly unorganised. Multiple scars of back 
wall of left ventricle, almost without any coronary sclerosis. Firm and 
slight splenic tumour with multiple anaemic infarctions. Nephritis of left 
kidney, failing development of the right. Brown induration and marginal 
emphysema of lungs. Chronic passive congestion of liver. Small mucosa 
scars in the duodenal bulb. A diverticulum-like sack about the size of a finger 
end in the juxtapyloric part of the duodenum. Peculiar mother-of-pearl — 
like shining deposits of fat in the mucosa of the small intestine with con- 
siderable oedema of the wall. Fat deposits causing firm swelling of mesen- 
terial lymph nodes. Considerable emaciation, and universal palour. Brown 
atrophy of myocard with tigering. Hsemosiderosis of spleen. Small hemor- 
rhages of the pharynx wall. Subpleural hmmorrhages. Calcified focus in 
upper lobe of right lung and adhesions of pleura. Calcification of corre- 
sponding peribronchal lymph node. Slight universal arteriosclerosis. 

On microscopical examination it was found that the villi had almost 
entirely disappeared, and were replaced by elevations presumably formed 
by confluence of villi. Instead of stroma was found a layer of bright cells 
with marked borders as in plant cells, and with a loose structure. Droplets 
of fat wmre also observed. 

From the histologic descriptions and photomicrographs it seems most 
likely that the intestinal mucosa presented the same histologic features 
as in the author’s own case. Of the mesenteric lymph nodes it is only 
stated that they showed a marked deposition of fat in the sinuses. Other 
histological changes seem to have been slight. 


IX. Kloos’s case. 1939. 

Engineer aged 41. At 20 a swollen lymph node removed from the neck. 

At 32 appendectomy followed by angina. 

18 months before death a three weeks’ swelling of both wrists accom- 
panied by tearing pains and followed by similar attacks ot the knee join 
and ankles. After a period of improvement, renewed attacks of pam witliou 
swelling. 

During the last year loss of strength and appetite, and increasing pig- 
mentation of face and hands. Stinging pains in tlie left thorax an ex 
pectoration of small quantity. Both ankles swollen and pam u . 
w'as a steady loss of wmight. 
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. Weight \v;is r»0.S hg. 



aJiWes, fuiihcrmorc _ 

ivith acln-lia, refractory to liistamiiiCvSlimiJial ion _ _ 

Blood pressure ^^■as 105/(15. Tliero w.s a liyporchrouuc anaemia {M ,) 
and temperature Avas slightly increased. Sedimentation rale wa.-^ 13- i.a 
mm. Coagulation lime Avas 1 minute. The Rumpel-Lee, le plmnomenon Avas 
negative. Diastasis of the urine was helwcen -t and 10. St-riim nihnmm 
Avas 3 96, Nitrogen residual 56 mg i>or 100 cm’. Blood urea: 5;> mg fier imi 
cm’. Blood sugar Avas O.OOG and NaCl 59S mg per loocm’ after sever., 1 
infusions. 

After a short time at home, swelling and Immiiig of the a,ikle.« increased, 
and there AA-as a complete loss of appetite. By different tiratment.s anae- 
mia was improA'cd, and the values of .‘u'rum proteins and N'aCl returneif (o 
normal. He felt heller for a short lime, hut temperature wln'ch at tiim s 
had been high, remained so, and loss of ap},e(iic and Aveighf continued. 
The stools had heeii irrogidar, and often pale. Now they AVi-n' alniotj 
acholic, but formed. Abdominal j)ains developed, and Ih,' palienl died. 

The clinical diagnosis Avas of chronic gastroenteritis with dislnrhanee 
of resorption, and acute liA-er cirrhosis, together willi periloidlL causing 
paralytic ileus. 

The summary of post-mortal finding.'^: 

Fatty infiltration of muco.«a in upper .«mnll intestine, ami tin- cor- 
responding mesenterial and para-norlic lym),]) nodes. Fmaeiatinu ;nid 
anaemia. Propagating pundeni peritonilis. Fibrinous j.iiniient pleurilis ..f 
light side, and adhesions OA'or right apex, hibrinoiis I'dt plenriti-'.Forjn’'r 
mitral endocarditis. Fibrinous pericarditis Avilh bt'ginning pericarilial con- 
crcfioi). A.spiralion in both lung.s. Sugar icing coating of liver and sj-b-. n. 

BroAvn atrophy of inyocard. Old small subcutaneous bh-t dings on llje l. fi 
erns. 

Kloos has given a review of five of llie oarlier easvs here reporle.l, and 
discussed different chemical po.<=.sil,ilities, as well a^ fat aitalv.s,.-, AAith 
great llioroiighncss. 


X. Author’s OAvn case. 


A-ase Kccorcl. 

Agiicultural worker, aged 27 

No instance of Iiemorrhaeic diseaco ie i-i. i » 
family. ^ ^ *" ‘'fcurred in tin 
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ago- Of 23-24 he had an attack of- »nephriUs» (macroscopic hematurial 

for winch he again was treated at home. No renal symptoms have aonpsJ 
since. “ 

In spring 1943 he had periodical attacks of a moderate swelling of (he 
left knee, each period lasting a couple of days, hut the tenderness of (he 
knee was insignificant and the patient was able to attend to his work. From 
that point of time he commenced to lose, a good deal in weight. 

In the latter part of August 1943 — about 6 months before e.vitus — 
(ho patient noticed for the first time a sensation of cardiac oppression and 
indefinite epigastric pain, accompanied by a very persistent diarrhea, 
occasionally with an admixture of blood in the stools. The pain appeared 
1 — 2 hours after the meals, but there was no rausea or vomiting. After 
about one month the patient liad to keep his bed on account of tiredness 
and a couple of rveeks later — in the beginning of October 1943 — (he 
physician ascertained (he presence of blood in the stools and anemia. In 
spile of administration of vitamin G, bleeding from the gingivae appeared 
too and sometimes epistaxis several times daily. During his confinement 
to bed, with permission to get up and wash himself and use the W. C., the 
left anlde commenced to swell, and movements in the left hip became 
painful. 

From the beginning of October 1943, when his lesion was diagnosed 
as peptic ulcer, the patient was treated with a diet of gruel and porridge. As 
the hemorrhage recurred, he was admitted to the Ringsted Hospital, i 
where he stayed from 29/11/43 to 8/2/44, when he was transferred to the 
Medical Department B of tlie Rigshospital, where he stayed till he died. 

In the Ringsted Hospital the physical examination revealed swelling 
of the interdental papillae and remnant of hemorrhage. There was swelling 
of the left ankle round both malleoli, accumulation of fluid in the ankle- 
joint, and tenderness to pressure along the joint line. The dorsal flexion 
was slightly reduced, but the movements were free from pain, and at this 
point of time there was no suggilation, redness or local heat of the ankle. 
There was fluid in the knee joint on both sides, no other abnormalities 
were found on physical examination. 

During his slay in the hospital the temperature was subfebrile but as 
a rule the evening temperature did not exceed 38°. Ewald test meal. 

4/12: 80 -f 39 cm®, poorly chymified; -f mucous; free acid 0; total ac. 26 
C/12: 20 + CO cm®, » » + + » » » 0 » » 


Feces: Benzedine reaction for blood positive. 


Hemoglobin: 

30/11 

58% 

8/12 

37% 

23/12 

50% 

C/1 

45% 

20/1 

45% 

3/2 

50% 

Sedimentation 

rate: 

134 

128 

95 

70 

40 

90 mm/lir 


Blood examination, 2/12: 


^ The aulliors tlianks are due to Dr. F. K. Frederiksen, 
of the Ringsted Hospital for his permission to publisli the case n 
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721/0 %; monocytes -1 /o %; plasma cells \L % 

Red blood picture: Normal. Platelet counl: -12o,000 pt> mm . 

Bleeding time normal (2 min.) ^ nelerbiae 

Capillary resistance test, 70-80 mm, to mm.. 80 pelerlim . 

Blood ascorbic acid: 0.22 mg %• Blood urea: .8 mg 
Roentgenography of the gaslro-intestina! tract; Lumbai 

pelvis showed no pathological changes. ,r-,r.r will of 

Rectoscopy revealed a readily bleeding area on llu- ante mi wall o1 

the rectum, just inside the anus, but otherwise no almormatit>. 
Electrocardiography: No abnormality. 

Blood pressure, on 30/11: 140/80: on 7/12: 120)70. ^ 

Urine: No abnormai elements; microscopic e.vam. on 30/11 ami 8/1 _: 

No abnormality. 

Wassermann negative. Widal negative. Manloux negali\e. 

Blood cultures: No growth. 

The cultures from gastric lavage: No growth. 
i> » p urine and feces: No pathogenic intestinal bacteria. 


Diagnosis; Hcniorrlingic diatlie.si.s; Anemia, severe degree; Thromb.a.sllie- 
nia?: Colitis; Gastric achylia. 


Trcaiincnc Blood transfusion was given on 10/12 and 31/12, .'tOO em* of 
blood each lime. In addition, the following remedies were prescribed; 

23/12: Hepsol fortior, 1 enP every oilier day. Pepsin hydrorbloric acid, 
5 cm’ X 3 daily. 

31/12; Compolon Bayer, 5 cm’ every oilier day. 

Besides, the patient was givim local tivatinent for llie gingival ideed- 
ing and the joint pain. 

A couple of limes the patient complained of pain in tin' lliroat. which 
was swollen and very tender. As also an accumulation of fhiid in the knee- 
joint persisted, tlie patient received from 

13/1: Vitamin K (Kvitasol), 10 mg every other day, and 

20/1; Vitamin P (Citriniin), -1 cm’ intravenously daily. Still llie joint 
pains were rather increasing in intensity when tlie patient was Iraiisferi.'d 
to the Rigsbospital. 


^Icdical Deparlinenl B of the Bigslio.spital, on 

8/2/.14, the patient complained chiefly of overwhelming tiredness and p.Vms 

i' comp!ainl.s wore insignificant after the patient 

etn September 1013. li" 

CA en stated that lie did not feel realiv ill. 

“ aWmaS/ 

T. ia„a rrs 

— Ada meil. scandinav. Vol CXXI 
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The dorsal surface of both hands presented nowa good many bluish red 
petechiae, but otherwise no skin hemorrhages. The fingernails were arcua- 
te, but, the patient stated, they had always been of that shape. 

On palpation of the left hip, which was kept in outward rotation, there 
was a marked tenderness; the left anlde was markedly swollen, exceedingly 
tender to touch, with bluish discoloration. The right ankle-joint was 
swollen too and tender, but in a lesser degree. The knees were kept flexed. 
During the patient’s stay in this department the following examinations 
were carried out: 

Blood examination: 

9/2; Red blood cells: 2.4 mill. Hb.; 40 %. Vol. %: 18. Color index: 0.82, 
Vol. index: 0.87. 

Average diameter of red blood cells: 7.9 ft. (Diffractometrj') 
Platelet count: 282,000 per mm^ 
l^niite blood cells: 5500. 

Segment-nuclear neutrophils; 54 % 


Staff-nuclear » 13 % 

Eosinophils: 1 % 

Lymphocytes: 30 % 

Monocytes; 2 % 


Red blood picture: Moderate anisocytosis and pessary forms. 

17/2: Red blood colls: 1.6 mill. Hb.: 32 %. Vol. %; 15. Color index: 

0.93. Vol. index; 1.06. 

Vniite blood cells: 4300 
Segment-nuclear neutrophils 50 % 

Staff-nuclear » 13 % 

Eosinophils: 3 % 

Lymphocytes: 34 % 

Reticulocytes, 17/2: 5 %; 18/2; 3 %; 19/2: 2%; 21/2: 2%; 23/2: 1. 1 / 2 %- 
Sternal punctate: 

14/2: Cell count: 55,200. (200 cells counted) 

Basophil erythroblasts 4 % 

Polychrom. » 22 % 

Orthochrom » 4 % 

Hemocyloblasts % 

Neutrophil myelocytes 17 % 

1 ) metamyelocytes . . 20 V 2 % 

I) staff-nuclears 32 % 

» segment-nuclears 14 % % 

Immature eosinophils 2 1/0 % 

Small lymphocytes 11 % 

Plasma cells 2 % 

Clotting time, 9/2: 2 min. Bleeding time, 10/2: 3 1/4 min. ^ 
Capillary resistance test ad mod. Bexelius, 19/2: 2—^ petechiae. 
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■'Blood chemistry: 

9/2: Blood ascorbic acid: 0.2-1 mg %. 

24/2: Ascorbic acid lolcraocc losl willi ™ "'g 
Before inj. of ascorb. acid: O.-i mg % 

1 hour after inj <*.-1 » 

2 lirs. » » 

3 8 » » 

4 » . » » d.oO » 

5 » » '> 

9/2; Blood urea; 35 mg %. 

11/2: Specific gravity of scrum; 1.02-IL Sonim iirolein (calc.}: li.2 tug 

Kjeldahl: Scrum protein, 5.9 mg %: serum albumin, .l.ti nig',.. 
Relative albumin percentage: Cl. 

14/2: Serum calcium, 9.3 mg %. Serum pbosidmnis, 3.8 mg 
Serum chlorine, 95 milliequiv. 

Total cations (Method; Christen.sen Warburg) M/2; l-tl; 17;2: 
1-11.5; 28/2; M-1.7 milliequiv. 

Blood sugar, fasting, l,/3: 7-1 mg %; 2/3: 8S mg 3/3: '.‘8 mg 
4 / 3 : S2 mg %. 

Glucose tolerance test with 6:5 g glucose in 500 1 'ln’ wat-r. 

At 9.00 (fasting); 111 mg %. 

» 9.15: 98 At ,10.00; 158 At lO.-l.'i: 108 

!> 9.30; IM » 10.15: 107 » 11.00; n;2 

» 9. -15: 12-1 » 10,.3n; I5S » 11.15; M7 

Sedimentation rate, 9/2; 119 mm/hr; 22/2: 85 mnt/hr. 
Electrocardiogram; Mormal. Galacto,se lest, 11/2: Xo exrretii.n. 
Feces; Benxidin reaction for blood po.^ilive. 

Urine; Xo albumin, blood, pu.s or sugar. 

S/2; I) -f uroltilinogen; 0 Itile pigmoni, 

Wassermann negative. Gonoreaction iii'galive. .■VntUirepitdv.'.ht 
titer; 450 . ’ ' " 

Throat cultures, 1/3, 2/3, 3/3 tunJ 3 / 4 ; Xo grmvth of he-nolvtie 
streptococci. 

Matiloux, strength I and III, 72 hom>'; Xegaiivo. 

«« •'«ack of epislaxis appeared, and on lim foihnvin.c .g,,. 
stools ueie Jilack. As slealorrliea was ascertained at the same lim/' no n 
'\as prescribed, logetlier ivilh liver e.vtracl fllensol forlior i i ■ 

from M/2 to 18/2. This however as u-Ml .,c i '»■ ‘ ‘*'’'*.''1 

(Group 0) had no effo; on the^^nmil 
capillary blood, which showed the following i-alues; ' ’ 

’2/2; 31 %; 17/2; .32 o/„; 21/2: -11 %: 25/2:'32 3/3: -13 

gotic and varying tlLrlJeuur 
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16/2—6/3; Sodium chloride (up to 40 tablets daily) 0.25 g each ) 

19/2—5/3; Pancreatic enzyme (Pancreon Rhenania), 3 tabl. x 3 d 

23/2—5/3; Inj. of desoxycorticoslerone (Percorten Ciba), 5 mg intra- 
muscularly. 

10/2; Vitamin K {2-meth3d-1.4-naplitohydroquinone disuccinate), 2 me 

14/2; Vitamin K, 50 mg intravenously. ’ 

The unsatisfactory duration of the effect of this treatment mil he 
e5ddent from the folloudng prothrombin values given in time values 
expressed as percentages of tlie normal value; (arrows signify injections 
of vitamin K.) 

9/2 10/2 j 11/2 j 16/2 17/2 18/2 19/2 21/2 23/2 25/2 28/2 1/3 4/3 

49 72 + 62 70 104 87 67 55 57 55 56 56 S3 

In addition, the patient was given a culture of Bac. acidophilus and 
various analgetics. 

During his stay in tlie JiospitaJ some improvement of the steatorrhea 
was noticed. The stools became light brownish, not fatglistening and less 
fetid. But the amount was still 486 g on 2/3, and 603 g on 3/3. 

On 29/2 there was oedema of the feel and scrotum. 

On 4/3, in the evening, again severe pain in both ankles, accompanied 
by swelling. On the following day, signs of pneumonia were ascertained 
on the left side (pneumococcus Type 18). Sulphathiazole was prescribed. 
TOiile tlie temperature liitherto had been irregularly subfebrile {about 37'^ in 
the morning, 38° in the evening), it now rose to 39.9. The pulse rate rose to 
140, the respiratory rate to 60. 

The patient died on the following day. 

Autopsy, 7/3 (The author). 

Height; 169 cm. Weight; 62 kg. Kutrition poor. 

The vertebral column was found to be straight, and the bonemarrow 
liere was uniform, light red, without local changes. The bonemarrow of the 
femur was Iwmogeneovs, firm, light greyish-red. The cortex of the femur 
was strikingly thick. 

The neck organs appeared normal. 

Pleurae smooth and glistening, without adhesions or patches of exu- 
date. No fluid in the pleural cavitjx 

Lungs large, of normal form, uniform throughout, grej'ishred, some- 
what lighter in color in tlie upper lobes anteriorly. On section, a consider- 
able amount of oedematous fluid throughout, but no sign of pneumonia or 
other focal processes. Bronchi dry, without pathological changes. Hilar 
IjTuph nodes moderately enlarged, soft and uniform in consistenej. 

Pericardium without thickening or adhesions. 

Heart normal in form an size; no changes in the endocardium and 
valves; myocardium of normal thickness, without focal processes. Coro- 
narj' arteries, aorta and pulmonary artery normal. Eosophagus norm . 
Peritoneum; Immediately after death formalin was injected into the {mn 
toneal cavity; the intestines were well fixed, the stomach fairly well. T le 










I. Clivladciicclatic lynipJi nndc. 


fundus of the stomach was smoolli, while (he imirosal relief was well-pi-o- 
nouncecl in the pylorus. No ulcers wore seen in (he .'Stomach or duodenum. 

Throughout the intestinal canal the mucosal relief Avas well preservi'd, 
Avilhoul constrictions, ulcers or (uniors, Dimensions normal (hroughoul. 
Clay-colored feces in the rectum. 

The mesenteric lymph nodes were all moderately enlarged to a dia- 
meter of 1 — 3 cm. Tlie nodes Avero well-defined, smooth, soft uniform and 
greyish-red on tlic cut surface. 

Liver large, measuring 33 x it) x 10 cm, hut otherwise normal. 
Pancreas and adrenals normal. 

Spleen normal in size and form, Avilh semifinid pulp and effacement of 
pattern. 

Kidneys pale, smooth, .slightly enlarged, hut otherwise without ehai\- 
ges. Prostate normal. 

Meninges and brain normal. 

Microscopic examination: 

Lymph nodes from the mesentery found to he studded with round 
caA’itios, measuring up to 1 mm in diameter; Ihp (issue helAveon these 
cavities shoAved a .somewliat varying slniclure. In some areas the normal 
structure of the lymph node Avas preserved insofar as mimerous lymplio- 
cytes were present, but in no place did llicse lymphocyl('.s accuimilale into 
a reaction focus. Other areas presented a varying mimher of lipophages, 
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II. Dislciulccl intestinal villi containing, lipophages and a fat droplet. 


which not infreqnently liad the form of giant-cells — especially at the mar- 
gin of the cavities mentioned — and in some areas these cells had comple- 
tely replaced the normal elements of the lymph node. 

Small intestine: The mucous membrane was covered with very plump 
and broad villi, so that the intervals often were reduced to a narrow slit. 
The mucosa was well preserved, but the villi were quite filled with lipo- 
phages which had replaced all normal elements. Round cavities were seen 
only in a few places. 

Pylorus: Mucous membrane well preserved, infiltrated with lympho- 
cytes and a moderate number ofplasma cells. 

Pancreas: Islands of Langerhans w'ell preserved. 

By mistake, unfortunately, the organs were discarded, so that staining 
for fat and further examination of the lymphatic system could not be 
carried out. In the sections examined no Aschoff bodies or rheumatic affec- 
tions of the vessels were observed. 

Autopsy diagnosis: Mesenteric chjdadenectasis with lipogranuloma- 
tosis; Lipogranulomatosis of the small intestines; Anemia of the organs; 
Oedema of the lungs; Acute hyperplasia of the spleen. 

Summary: Agricultural worker, aged 27. At 15 rheumatic fever, 
showing itself as shoulder pains and increase of temperature. At 
23 hajmaturia. Following six months' transient attacks of tender- 




III. Ljtnph node infiltrated by lipophages. 


ness and hydarthrosis of the knee joint-s, the present illness deve- 
loped in the shape of tenacious, sometimes even htemorrhagic 
diarrhoeas accompanied hy painful and swollen joints suggesting 
intraarticular hajmorrhage. 

In hospital stcatorrhoea was demonstrated, together with defi- 
ciency in prothrombine rather refractory to injections of vitamin 
K, a rather low blood sugar curve, and a slight decrease of plasma 
protein. Other findings were; achylia, hypochromic anaemia, 
transient eosinophilia and Ijunphopenia. Blood sedimentation rate 
was increased, and temperature .slightly elevated. There was a 
substantial increase of the antistreptolysin titre. The total amount 
of positive ions in -the. serum was decreased. 

' In spite of energetic and A'aried therapy, there was no imjH'o- 
vement, and and after si.\ months’ confinement to bed, the patient 
died with clinical signs of pneumonia. 

Autopsy revealed mesenteric lymphnodcs increased in size, and 
containing considerable deposits of fat. In the nodes as well as in 

the intestinal mucosa there was a very material infillralion of lipo- 
phages. 
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Discussion: Slealorrlioca whicli seems lo be the most prominent 
clinical feature of the case has not been chemically verified. Never- 
theless, as a diagnosis it is sufficiently well established, based on 
the appearance and considerable volume of the stools, and accom- 
panied by hamiorrhagic tendency analogous to the hmmorrhagic 
tendency in cases of sprue, caused by insufficiency in absorption of 
fats. (Hull; Kark, Souter & Haj^Avard; PYom Hansen & Begtrup.) 
Deficient fat absorption seems also the most probable explanation 
of the rather low blood sugar curve. (Krarup & Gortz). 

As far as the last period is concerned, arthritic symtoms and 
slight elevation of temperature may have been caused by intra- 
articular hemorrhage on the base of hamiorrhagic tendencj'. But 
as the patient had suffered from an attack of rheumatic fever 
twelve years previously, it is probable that the arthritic attacks 
inaugurating the final disease may have some connection v;ith the 
old. Thus it may be significant that the antistreptolysin litre was 
elevated. 

Transient eosinophilia was also present in Whipple’s case whe- 
reas achylia was observed by Gacrlncr, by Jeckeln and byKIoos. 
It is true that Glynn &. Rosenheim’s patient had no achylia, so that 
these may be accidental findings. 

Clinical picture: The diagnoses of the cases quoted above have 
been made post-mortem, based on microscopical examinations of 
mesenteric lymph nodc.s, which revealed dilatations of the sinuses 
caused by deposition of fat, and accompanied by infiltration of 
varying numbers of lipophages. In some cases, suffering from 
steatorrhoea, the intestinal villi were also infiltrated by these cells 
(I, V, VIII, IX ?, X). 

Thus collected on purely patho-anatomical criteria, the diffe- 
rent clinical case histories and autopsy protocols present so many 
features in common, that an attempted synthesis of a clinical 
picture seems justified. It follows as a matter of course that the 
application of this picture may reveal cases Svith identical patho- 
logical findings and a common pathogentsis but different with 
regard lo etiological or s3mrptomatic findings. 

The present syndrome has hitherto been demonstrated excUi 
sively in males. Almost all of them had for j'ears before the appear 
ance of more serious sjTOptoms been suffering from transient 
arthritic attacks of a short duration. In most cases these attacks 



sTEiTOnuiiou in-rlino^PEnloiE”"''-' . •>' •’ 

Mve been described rather trasmenlarily, but as a rule 
0 be localised lo different joinla. They are oflen foilosved bx a sh„ 
L 0 Watate, but they do not seem lo have prevcnied the 

’’'‘‘’luhe'biminroaiic lastyearof life the irallenls hefiln lo loose 
weight, usually in spite of a good appclile. At about the same nuc 
epigastric pressure sets in, and after about six months a diarrhoea 
develops often followed by slcalorrhoca. At Ibis stage, the course 
of the disease is not infrequently interrupted by several mon is 
of improvement, but gradually a bamiorrbagic tendency develops, 
presumably due to deficiency in the resorption of vitamin K. H 
is not unlikely that a low blood sugar curve, as in the author's case. 
Aviil prove common to all such patients. 

Towards the end of the disease, whicli always has been fatal, a 
tumour consisting of conglomerates of enlarged lymph nodes may he 
palpable in the lop of the abdomen. This finding may cause the 
undertaking of a laparolonn' under a diagnosis of sarcoma, Hodg- 
kin’s disease or tuberculosis of the mesenteric lyiiqili nodes. .Xftor 
some time of extreme vcckncss, a hronchopneiimoiiia cicveiojis as 
the most common immediate cause of death, Psyehofie disturbances 
may he observed during the la.sl days. 

Diagnosis: If the diagnosis of a disease has been made exclusi- 
vely by autopsy, liic question arises, how frequently this diseasi* 
may occur and heal under anoUicr diagnosis. 

In case of stealorrhoca, patients suffering from the present syn- 
drome will as a rule pass under a diagnosis of non-f topical sprue. 
TJie infrequency of this latter diagnosis, makes it r.itlier unlikely 
that Darlhropcricardilic slcatorrltoeo') should occur as a curable 
disease in numbers of any significance, thmigli some cases may lie 
pigeon-holed as pancrcaiilis or duodono-colic fistula. 

Among a number of reports of non-tropical sprue, given in the 
bibliography the author lias found only two cases that mav sug-ost 
a diagnosis of artliro-pericardilic stcatorrlmea. Tlie first ' ri^e 
shows the strongest similarity with the aulliors ouii. ami was 
PeMisM by Jechch, .-.s no. 11, 1,„l l|,o , 

present any „I u.e fealnre. cl,nr.-,clomlie for (he p,e;.nl Vv!;. 
bo)ne. As it might reprc.scnl a „„tei„g li,,);. i,,,,,,,,,,, i,,,,, 

n,e following s,,,,',. 
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Jcckeln’s case-II 1939. ' 

3\Icrchanl aged 32. As a youngster angina followed by polyarthritis 
and later swelling of .the feel. During eighteen months increasing diar- 
rhoeas, loss of strength and weight and subsequently development of 
hajmorrbagic tendency. 

A laparotomy was performed to decide between a diagnosis of sprue 
and duodeno-colical fistula. No fistula was found, and some days later ' 
the patient died from a pneumonia. 

The intestine was very cadaverous at autopsy, and the wall was very 
thin with some limmorrhages. There was a medium melanosis coli, and a 
slight round cell infiltration in the mucosa of the small intestine. There was 
a chalky mesenterial lymph node about the size of a cherry, and the fat 
of the adrenals had diminished. The lungs showed different pneumonic 
changes, and a fibrosis of tlie right pleura, but there is no report of any 
of the pathological changes, characteristic of the cases earlier quoted. 

Jfiillcr’s case 1937. 

Male aged dl. hlorbilli at 3. Since then of a very small stature. Twelve 
years old a paratyfoid fever, and at eighteen a socalled rheumatic fever 
with stiffness and pains in fingers and legs. He was treated at home for 
three weeks, and the doctor is reported to have characterised the disease 
as seldom. Since then, considerable deformities of Ibe legs developed, and 
there has been periods of rheumatism with 'stiffness and pains, mainly 
in the finger joints, less in the feet. 

At twenty-eight periods with loose and slimy stools, and discharge 
of gas. At thirty transient visual disturbances. At forty-one admitted in 
hospital for tetany. There was a tetany with deficiency of calcium and 
phosphonis, growth disturbances of the skeleton, prolonged Q-R-S-T, 
dyspepsia and stcalorrhoea, slight hypochromic anaemia, and abscence 
of hyperglykemia after ingestion of glucose. No achylia. 

Wlieii iMiillcr reported on the case, the patient was under treat- 
ment for intestinal hannorrhage. 

Muller’s case may show patho-anatomical findings analogous 
to those found in the ten cases earlier reported, hut the diagnosis 
will have to be kept in suspension, in the abscence pf any demoii- 
stralion of pericardial or Ij'mph node changes. 

Generally it may be said that sleaVorrhoea and arthritic attacks 
combined witli pericardial fibrosis, form the necessary base of a 
clinical diagnosis of sleatorrhoea arthro-pcricarditica. A biopsy 
of mesenteric lymph nodes, as in Korsch’s case may alone lead to 
the diagnosis. In case of increased antistreptol 3 ’^sin titre, chemo- 
therapy should by attempted. The reasons for this suggestion will 
be evident from the folloiving page.s. 
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Pathogenesis. 

AH authors on the subject, wilii (he exception of Flcischinann 
whose jierccption of liis o^\^l case as fat necrosis is shared I)v no- 
body, agree that the lymph node changes are. due to tJie dcj)Osilinn 
of fat from the ch 3 dus. Glynn & Rosenheim liavc strongly support- 
ed this opinion b}'^ means of injection cx))crimcnts and examina- 
tions of serial sections which showed that the eetatic cavities 

containing the fat deposits oj)cn directly to the lymph node 
sinuses. " ‘ 

Two theories ^ a chemical and a mechanical one - have been 
emit ed to explain the jiathogencsis of this dejiosifion of fnl. 

he chemical explanation, supported more or less by Whipple 
orsch, Gaertner, KIoos, assumes a functional change of Uie pan’ 
ereas or „e afcoals a., U.e ea„.,e of aon.c ano.nniv i.ril," , 

of to ? r ® ' (|,c fai. 

mesoMerie Jy,„p„ „odos, (KorsC, Gaatt' " "" 

"tat arc ,0 f„„„u „„ „„„„ , 

the Nileti,!rstprie'aml 1mm ,Tl ''■■’inh.Rs |,v 

aer’s argnnienl is l],o sire of Ihc hi’! "I Gacrl- 

eoii-'Mers (he giant colls a foroio,, Lil.'"'’ T' ’'''"'"'""'“' c Korsc), 
of the liieorj. of abnormal falts ij.i, favour 

0103-, however, be provolcpd at mv, I '' '"""'"‘'lealotl lipopliagcs 
-- in s„bcn,a„e„„,s f„t etpo, -"-‘'o 

fat fcecrnable by hislologioa m'ellme 0 ‘'ttlrarollnlnr 

progressing but incomplete blocka/t fit' o fl""iv 

W.na, mesenteiy W 1‘taRocyles 1 1 

P'aiM ^ Cph '™,' 
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sprue were caused by Hodgkin’s disease, sarcomata or tuberculosis 
of the mesentery, and the reason Avhy no lipophages have been 
reported may partially be that destructive changes in the intestinal 
mucosa itself have played a pathogenetic part equal in importance 
to the lymphatic obstruction. Other factors as the speed v-ith 
which the blockage develops may also be decisive, and finally it 
sliould be stressed that in many of the cases the intestinal wall has 
not been examined histological]3^ 

As to the possibility of pathological changes in the functions of 
the pancreas, functional tests as determination of diastasis in urine, 
blood sugar curve, or nitrogen analvsis of faeces, have not been 
reported sufficiently often to afford conclusive evidence, and the 
histological findings from the pancreas seem to he rather diverging. 
On the other hand, secondaiy pathological changes of this organ 
would easilj’ be explained bj’^ the mechanical theorjx 

GKmn & Rosenheim have suggested functional disturbances of 
the adrenals in connection with the Addisonian sjunptoms observed 
in their case. Kloos has pointed to liis own demonstration of scarcity , 
in fats of the adrenals, and Korsch fou})d an almost complete 
fatW degeneration of the adrenal cortex. Still the possibility of 
secondary adrenal changes seems to be very near at hand when, 
metabolism is switched from fats to carbohydrate as the main 
source of energy, ])ot to mention the retroperitoneal lymphatic 
inflammations supposed by the mechanical tbeorj'. 

Finally it seems to be another weak point of the chemical 
theory that the patliological fats which are supposed to provoke 
a foreign bod}’ reaction of lipophages, do not succeede in this until 
they reach the lymph nodes. This must be the consequence of the 
fact that Korscli’s case showed lipophages infiltrating the lymph 
nodes, while the intestinal mucosa remained normal. Ahead} 
^Yhipple has pointed out that as scar tissue is more abundant in 
the lymph nodes than in the intestinal^ mucosa, it is probable that 
lipogranulomatosis is primary in the first place. The infiltration of 
the intestinal mucosa by lipopdiages, observed in most cases, must 
then be considered as secondary to the block in the nodes. It seems 
in conformity with this view that no report speaks of lipophages of 
tlie intestinal wall without changes of the lymph nodes. 

The mechanical perception of the pathogenesis of the present 
syndrome was advanced by Hill, 'who succeeded in demonstrating 



sTEATonnnoEA AnTiino-pr.niCAnniTiCA. 


517 


clironica] inflammation and fibrosis of the moscMileric, paiicronlic 
and upper relroj)erilonca] lympli nodes. 'J'lici'c wcrcal.so lii.sloloific.il 
signs of chronic and acute inflammalion of Die lymj)li vt>s.<;els 
AvitI) infiltration by polynuclear leucocytes, and both iri the lymph 
vessels, and the lower mesenteric nodes Gram-jiosilive cocci in 
chains in numbers corresponding to the cell infiltration. 

Hill believed that obstruction of large lymph trunks or (he 
thoracic duct had caused the disea.se of Jiis j)atien(. and Cilynn I'c 
Hosenheim were inclined to a similar view. It might now I'c ad- 
vantageous to regard all the ca.sc.s now known in the liglif of tins 
theory. 


■nl .1 exp],,,, II, e occrrccc 0 / fil,r»„s poriomdilis i„ seVH, of in; 
I n eases q„o ed ahovc. Among II, esc, five nl l,.,, 5 l s|,„„.od peri,-,ir- 

llieVlIrpn7ic,V™LT,dfcrt,«'to^^ 

.necompanied },y s, veiling of II, 0 „t,™ ||‘’|T)'"' 

".vo. 

of the disease. (I, II, HI, VI V|r VHI 'iv "17"'' 
cannot be explained as uifa.v,!,. 
sorved in II, e laic,- slaoe.s of'nmri 
1 ™ remaining ease lep'orls a,e vonZ , .'1’""'' 
nsloo’ is conecnied, and ll,e po.s.sii,iii|'v7r ' 

cases cannot be excluded. • ' ti^lack-.s in 

J^nphysis a VJ, 1^! P ''''' 

f^nges. In i,vo eases (J. j, ‘I ,? ' ^•'•‘J'n'^'Tditi,. 

o''f.«c.s, in t„.„ J ' 7""‘ '«■' 'Id- seal of fil,,,,,,. 

7 I'od hcen affeelcd in .seven ea^es 'n 

As l|,e e,n.,e „r . 

-"^oe,r'7r, "T'" it':::; 

■ >>< imnd lo expect 
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~ Table 

Case 

no. 

Author and 
year 

Age 

and 

sex 

Previous history 

Rheumatic 

attacks 

✓ 

Steator- 

rhoea 

Hsmorrhagic 

diathesis 

I. 

VTiipple 

1907 

36 

Expectoration 4 y, yrs. 

1 yr slight lever, loss 
of weight and strength. 
Increased abd. circurnf. 
Swell, of lymph glands 

5 % y. - 

6 months 

cutaneous 

11. 

Fahr 

1928 

j\r. 

•44 

Schiatica + rheuma- 
tism for 6 y. 6 months 
dyspnoe and expecto- 
ration 

6 y. 

no state- 
ment. 

no statement 

m. 

Fleischmann 

1930 

M. 

38 

6 months* loss of 
weight. Abd. pressure 

for years 

no state- 
ment 

no statement 

IV. 

Hill 

1937 

M. 

60 

Perhaps similar attacks 

1 y. previously 

no state- 
ment. 


no statement 

jn 

Glynn & 
Rosenheim 

1937 

M. 

44 

no statement 

no state- 
ment 

6 months 

occult blood 
in stools 

VI. 

Korsch 

1938 

JI. 

' 60 

E.xpectoration 1 y. 
Sweat and dizziness. 
Loss of weight and ap- 
petite. Epigastric 
pressure 

10 y. 

none 

1 

VII. 

Gaertner 

1938. 

M. 

30 

Diarrhoea 1 y. Loss 
of weight and strength 

3—4 y. 

6 months 
anyhow. 

cutaneous. 

VIII. 

Hansen- 

Staa-Jeckeln 

1939 

55 

^Rheumatic troubles* 
at 49. Diarrhocaes 3 y. 
before death 

6 y. 

first time 
18 months 

ago 

cutaneous 

subculan 

IX. 

i 

Kloos 

1939 

M. 

41 

18 months arthritic 
attacks. 1 y. loss of 
strength and weight. 
Pigmentations 

IS months 

periodi- 
cally paler 
than 

norm. 

surrounding 
the ankles 

6 months 

cutaneous, ii’ 
joints, in 
stools 

X. 

Clemmesen 

1945 

^r. 

27 

Rheumatic fever at 15. 
Haimaturia at 23 

6 months 
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Secondary 

findings 


Clinical 

Diagnosis 


Postinorlal findings 


Chyla- 

dcncclasis 


Lipo' 

graniil. 

intcst. 


Peri- 

cardial 

fibros. 


Endo- 

cardilis 


Theory 


Mesenteric 
Sarcoma or Lym- 
phograimlomatosis 


+ 


+ 


aortic 


Obscure dis- 
ease of fat 
metabolism 


WR: -f 


Alveolar 

pyorrhoea 

Confusion 


Normal 

Diastasis 


+ 


jMcsenteric 

Sarcoma 


+ 


Tub. peritonitis. 
Addison's d. 


+ 


+ 


no state- 
ment 


Confusion 


Increased 

Diastasis 


Achylia 

Normal 

diastasis 


pancreatic 

Carcinoma 


Pancrcalii is 


+ 0 


Lipoid ne- 
crosis 


+ 


+ 


Alveolar 

pyorrhoea. 

Achylia 

Avitamin.- 

K. 


Nontropical sprue, 
Ana;mia. Scorbul. 
Osteoporosis 

Chron. gastroc.n- 
Icrit. with distur- 
bed resorption 

Sprue nontropieal 


+ 


(+) 

(no lipo- 

gran.mes 

reported.) 

+ 


+ 


inlest. 

nmcosa 

cadave- 

roiis 

- 1 - 


+ ? 


+ 


aortic 

and 

mitral 


+ 


aortic 

and 

mitral 

niodora- 
Ic shrln- 
hing of 
initralis 

0 


Lymphangi- 
tis. Sep rale 
group of me 
sent, cysts. 

lA’inphalic 

nl)stniction. 

Suprarenal 

insufficiency 

Chemical 
alleratimr of 
absorbed fat 


Physical al- 
teration of 
absorbed fat 

Peculiar non 
tropical sprm 
complicated 
by sepsis 

Peculiar dis- 
turbance of 
fat resorptior 

Para- 

I'bcumnlic 

infection 
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that affections of tlie pleura] or pericardial sacs, or the joint cavi 
ties will be inclined to attack the large lymph trunks, whether hv 

bacterial sepsis, or propagation, or as part of a general allersic 
reaction: ^ 

Hill's observations suggest that a lymphangitis caused by strep- 
tococci may be the cause of lymphatic obstruction in the mesen- 
tery. The rheumaUc character of the clinical and pathological pic- 
ture seems to be in full accordance with this assumption. Pericar- 
dial symphysis may be the cause of the hyaloserositis observed by 
Glynn & Rosenheim, (de la Chapelle & Graff, Bolton & Barnard, 
Siegert) and though an increase of the venous pressure it may 
also favour a partial lymphatic obstruction in the chylus system. 

The following case, published by Ehrstrom in 1909 , deserves 
attention as an example of steatorrhoea caused by mesenteric 
Lymphangitis. 

Ehrslrom’s case. 1909. 

Architect, aged 45. Twelve years previously a rash in the face, followed 
by continuous development of carbuncles on back of the neck through 
four months. At the development and operation of an anal fistula, the 
carbuncles ceased to appear, but the stools turned more fluid and 
irregular. 

Two years before death an apoplectic stroke, followed by transient 
monoplegia and aphasia. Later partially restored. 

Eight months before death, bowels were moving regularly, but a few 
monlhs later diarrhoea set in. Steatorrhoea was observed two months 
before death. The temperature was irregular, slightly increased, and the 
abdomen contained peculiar, lender tumours ot varying localisation. 

Autopsy revealed two eraollilions in the brain. There is no special 
record of pericardial findings. Both pleural cavities contained fluid and 
the risceral blades showed fresh coverings of fibrin. Pneumonias were 
found in both lungs. 

The mesentery of the small intestine had thickened considerabij , 
forming a firm tumour, which on its surface presented numerous nodules 
the largest of which were about the size of a wailnut. 

Microscopical examination; The walls of the chylus vessels were thick- 
ened, infiltrated with small cells, and rich in connective tissue. The lyiuph 
nodes were replaced with ectalic cavities, partially or entirelj surroun e 
with lymphatic tissue. 

The lymphatic vessels nearest to the mesenteric radix were the seat 
of the heaviest cellular infiltration, and passed gradually into strings 
filled with detritus. All vessels in the radix itself had been completely 
obliterated. 
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The structure ot the pancreas was normal, except for a small peri- 
plieral zone nearest to the mesentery, where a few necrotic foci were found 
together with an increase of fibrous tissue and a moderate infiltration ot 

small cells. 

The intestinal wall showed no changes. 

Ehrstrom underlines the coincidence of acute and chronic in- 
flaminatory processes, and suggests their connection with the past 

furunculosis twelve years earlier. 

In spite of the abscence of typical chyladcncctasis with lipo- 
granulontatosis and pericarditis, preceded b}*^ arthritic attacks, 
Ehrstrom’s case is still of interest in providing a close parallel to 
the patliogenesis suggested by Hill; in fact, the patbo-anatomical 
differences between the cases of Hill and Ehrstrom may be ascribed 
to differences between the invading bacteria, or perhaps in their 
speed of invasion. 

In Ehrstrom’s case the lymph nodes seem to have developed 
very far towards mesenteric ejasts, which — together with chylous 
ascites — is considered the most important consequences of lym- 
phatic obstruction in the chylus .system. The conditions under which 
these phenomena are replaced by chyladcncctasis wdth lipogranu- 
lomatosis are still undefined, but it docs seem a justifiable suggest 
ion that a protracted slowing dowm, or a partial obstruction of 
the chjdus flow will pro\ndc the circumstances most favorable to 
their development. 

In summing up the pathogenetic considerations of this paper 
we are then justified in assuming the existence of a disease of para- 
rheumatic character, provoked by strejitococci and causing inflatn- 
mations of joints, serous cavities and mesenteric lymj)h vessels, 
which in their turn may produce mesenteric chyladcncctasis and 
stealorrhoea. 

The roles played by septic spread and allergic reactions arc still 
difficult to evaluate. It is not unlikely that similar autopsy findings 
may develop on the base of other infections with similar localisa- 
tion, and at present we cannot rule out the possibility, that the. syn- 
drome dealt with may represent a form or a phase of other sprue- 
like diseases. 

The only way to increase our knowledge of this disease is 
thorough examination of all .suspicious cases. These arc likely to 
occur under the diagnoses of non-lropical sprue, abdominal tumour 
33 — Ada mcd. scandinav. Vol. CXXI. 
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or pancreatitis etc. So chymography of the heart, and biopsy of 
nresentenc lympii nodes may sometimes prove to be diagnostic 
auxiliaries of the same importance as functional pancreatic tests 
or analyses of the stools. Determination of the antistreptolysin 
titre would seem of interest as mesenteric lymphangitis might be 
just as accesibleto chemotherapy as other erysipeloid infections, and 
parenteral administration of Vitamin K should also he tried in an 
early stage. 


Summary. 

A review of nine cases, collected mainly from the patho-anato- 
mical litterature, and a case report. The syndrome dealt with, com- 
prises excessive dilatation of, the mesenteric lymph node spaces 
caused by fat deposits. A fibrous pericarditis is also a frequent 
post-mortal finding. Clinically the disease begins vith arthritic 
attacks, which after some years are followed by diarrhoeas, sub- 
sequently emaciation, and steatorrhoea, causing bleedings and 
finally bronchopneumonias. The author generalises the suggest- 
ion made by Hill, that the lymph node changes may develop on 
the base of a streptococcal lymphangitis of the mesentery, though 
other inflammations may have similar effects, if they provoke a par- 
tial Ij^mphatic obstruction. It remains to be seen, whether septic 
spread or allergic reactions is the cause of arthritic attacks and 
pericarditis. 
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The Antistreptolysin Titer in Glomerular Nephritis. 


By 

KNUD LUNDB^K. 

* 

(SubmiUed for publication March 1, 1015). 


The determination of the anlislreptolvsin tiler (ASl”) in nephri- 
tis is of importance for livo roa.sons. Fir.st, it can give information 
about the etiology of the disease, secondly it might jtossilily be used 
for diagnostic purposes, especially in tlic differential diagnosis 
of different stages of glomerular nephritis. 

Though it is now generally recognized that the hemolytic strep- 
tococcus is in an eliologic connection with most cases of acute, 
neplirilis (Longcope et al., 1927, Winkenwerdcr ct ah, 1935) it is 
still a point at issue /joni'grcat tlic frequency of cases of nephritis 
due to pneumococci, non-heniolytic streptococci, pathogenetic 
intestinal bacteria etc. must be supposed to be. 

It would be of the greatest importance to the — in some cases 
difficult — differential diagnosis between acute and chronic glome- 
rular nephritis if the results of an AST-dclermination could he 
said to be of some value. 

In the literature only 3 examinations of the AST in renal dis- 
orders seem to be reported. The first is by Longcope (1930). He 
finds unquestionable increase of the AST (>- 200) in <12 per cent, 
of 36 cases of acute nephritis, Avhile only 3 per cent, of 31 cases of 
quiescent or chronic cases show increased values.^ ■ — q'lie second 
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material was published by Lytlle el al. (1938). It comprises chiefly 
children. In contradistinction to Longcope this investigator finds 
an increased AST in by far the greatest number of cases of acute 
nephritis, viz. in about 90 per cent, of 116 cases. — In his thesis 
(1942) Kalbak communicStes 17 cases of AST-determinations in 
acute and chronic glomerular nephritis. In 3 cases of scarlatinal 
nephritis and in 10 cases of acute nephritis after other infections 
the AST was > 200 in all cases. In 4 pts. with chronic nephritis 
values < 200 were found. 

The results of AST-determinations in a total of 106 pts. with 
acute and chronic glomerular nephritis will be communicated in the 
present publication. To obtain as great a material as possible I have 
included a number of cases of scarlatinal nephritis from the )>Bleg- 
damshospital» and a number of pts. who have been admitted to the 
Wards II, III, and VII of the Municipal Hospital and the \N'^ard 
B and C of the Bispebjerg Hospital. ^ I endeavoured to get as many 
AST-determinations as possible in each patient in order to get an 
impression of tlie course of the AST-curve and the possible relation 
to the course of the disease. Of acute cases only pts, in whom more 
than one determination was made arc included. 

Only pts. in whom the diagnosis seems to be safe according to the 
current criteria are included. In pis. over 40 years the presence of a 
recognized acute infection within 5 weeks before the onset of the 
nephritis was considered necessary to accept the disorder as an 
acute one. As far as possible focal nephritis was excluded by the 
omission of pts. whose renal disorder developed in close connection 
ulth the infection, unless increased blood-pressure, decrease of renal 
function or passing into the chronic stage occurred. The cases of 
chrojiic glomerular nej)hritis were pts. whose renal disorder had 
been recognized several years before, or old pis. in whom routine 
examination revealed signs of chronic renal disorder. Probably a 
certain number of cases of nephrosclerosis is found in the latter 
group, but in the present material no attempt has been made to 
carry Llirougb the subtle, and most frequently impracticable, clinical 
differentiation between Ibis condition and »genuine chronic glo- 
merular nephritis». 


' iMy sincere thanks arc due to the senior physicians of these wards for the 
inafcrial and the permission to use the case records of the wards. 
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Results. 

The tables show the results of the AST-determinations in scar- 
latinal nephritis, i>other cases of acute nephritisi> and cbronif nephri- 
tis. In the columns marked »>T)>, »Prot», and )>Hcinal». arc slated 
the interval between the preceding infection and the onset of the 
nephritis, the duration of the proteinuria, and the duration of tlie 
hematuria — all of it in weeks. — In most cases the AST was 
determined once a week approximately. Omission of one or a 
couple of wceldy determinations is shown hy — ., and omission of 
AST-determinations for any length of time hy a parenthesis stating 
the duration of that period. In the case of scarlatinal nephritis the 
determinations begin on admission for the scarlatina. — In the 
case of mother cases of acute ncphrilis» the nature of the preceding 
infection, if known, is stated in a special column. It should he 
noted that tonsillitis acuta (Tons.) is most frequently an ananmc.s- 
tic diagnosis meaning angina faucium -f fever. 

It will appear from the table that by far most casc.s of acute 
nephritis have had an increased AST. The absolute values have 
been highly varying from one individual to another, ranging from 
< 200 to 8000 in scarlatinal nephritis, to 3200 in collier cases of 
nephritis)). Extremely high values seem to occur somewJint more 
frequently in scarlatinal nepliritis than in wther cases of nephritis^ 
and in both groups doubtless more frequently in children than in 
adults. This may be due to the more frequent occurrence of com- 
plications in scarlatina, especially in children, (Lytlle et al., 1938). 
It will, however, be seen from cases No, 28 and 25 that complica- 
tions are not always associated with a very high AST and reversely. 
In No. 28 a value of 5000 Avas found at once and the AST remained 
over 2000 for 6 weeks despite an uncomplicated course. In No, 25 
there was both otitis media suppurativa and ostitis ossis tempora- 
lis; but the AST was 110 at the utmost. In the former case llic 
nephritis was serious with long-standing proteinuria and hematu- 
ria, in the latter case it was quite mild. 

Only 6 pis. did not at any time display AST-values > 200, viz. 
2 cases of scarlatinal nephritis and d of the group wther cases of 
acute nephritis)). 



Table 1. 

Scarlatinal Nephritis 
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Table 2. 

Other cases of acute nephritis. 
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z 

Name 

Case Nr. 

c; 

to 

AST 

Remarks 

79 

AR 

S.H. 2281/43 

60 

80. 160. 180. 

Relapse 

80 

ro 

S.H. 594/43 

16 

70. 70. 160. 

81 

EH 

S.H. 682/43 

18 

65. 140. 230. 200. 140; — . — . 

— . 180. 125. 145. 110. 90. 

Relapse 

82 

DD 

S.H. 990/43 

28 

200. 140- 100. 100. 80. 90. 50. 
70. 130; 130. 145. 200. 


83 

BJ 

S.H. 1103/43 

14 

100. 130. 130. 

Relapse 

84 

AA 

S.H. 1167/43 

66 

45. 40. 35. 20. 40, 


85 

CP 

S.H. 1214/43 

67 

80.115. 90. 80. 115. 145. 130. 


86 

IP 

S.H. 1351/43 

55 

45. 25. 


'87 

CR 

S.H. 1391/43 

59 

65. 


88 

RM 

S.H. 1618/43 

48 

56. 100. 56. 56. 110. 


89 

MW 

S.H. 1647/43 

41 

180. 180. 200. 


90 

RL 

S.H. 1651/43 

37 

80. 110. 140. 90. 64. 125. 80. 
125. 110. 125. 


91 

FK 

S.H. 1717/43 

51 

280. 05. 


92 

ER 

S,H. 1866/43 

38 

20. 28. 32. 36. 25. 25. 28. 25. 
36. 28. 56, 56. 64. 56. 64. 80. 


93 

HB 

S.H. 1902/43 

34 

50. 64. 28, 


94 

AO 

S.H. 2118/43 

46 

0. 


95 

JJ 

S.H. 2226/43 

71 

160. 


96 

AN 

S.H. 2242/43 

55 

90. ' 


97 

AR 

S.H. 2281/43 

60 

80. 160. 180. 


98 

LA 

S.H. 164/44 

70 

2‘>. 09 4.5 


99 

JA 

S.H. 146/44 

,70 

28. 22. 64. 


100 

SJ 

S.H. • 170/44 

35 

90. 90. 


101 

SN 

H 1020/43 

40 

80. 


102 

KD 

H 1654/43 

72 

28. 


103 

LS 

HI 677/43 

42 

50. 100. 


104 

HL 

HI 752/43 

62 

30. 


105 

106 

MN 

SA 

VII 332/43 

B. 10/2 44 

50 

11 

160. 100. 130. 130. 130. 100. 

64. 

Relapse 


ju.t xjeuii lexerrea to. Despite the finding of heme 
lytic streptococci in the fauces and the said compUcations the AS' 
remained low. 

No. 31 ™s a severe case of scarlatinal nepliritis will, uremi, 
Swabhng of u., ^ streptococci, but tl. 

T only increased gradually from 28 to 180. This is possibly a ver 
slow rise, later on reaching over 200. 
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No. 37 was observed for quite a short period only. 

No. 53 is a peculiar case/ whose etiology is obscure. There were 
hemolytic streptococci in the fauces, but during 9 weeks’ stay in 
hospital for tussis convulsiva no signs of acute infection of another 
nature were noticed. The AST remained normal. 

No. 68 showed a maximum value of 140. Anamnesis and course 
were quite typical. No examination for streptococci in the fauces' 
was made. 

No. 72. This was probably a case of acute syphilitic nephritis. 

Lastly, another case is of interest in this connection (No. 66). 
In this case the AST only just reached 200, despite the fact that 
numerous throat swabs showed the presence of hemolytic strepto- 
cocci. 

The course of the AST-curve has also been highly varying. In 
a number of cases the maximum values were only reached after the 
course of some time. The curve is frequently notched. In case of a 
fairly considerable initial increase it seems to last several months 
generally before normal values are reached, indeed the cases observ- 
ed for the longest period display persistence of increased AST for 
up to one year. It is impossible to ascertain any unquestionable con- 
nection between the absolute height or course of the AST-curve and 
the clinical course as manifested by the duration of proteinuria 
and hematuria. During the experimental period (about 1 year) I 
have myself — for the sake of uniformity — performed a weekly 
microscopy of all urines of patients with renal disorders in the 
medical ward of the Sundby Hospital. These examinations showed 
that there was also no connection between the AST-curve and the 
degree of hematuria, no more than between this curve and the dur- 
ation or the degree of pyuria and cylindruria. 

In 4 cases tonsillectomy was made in the course of the nephritis. 
In 2 of these cases (No. 35 and 44), in which the AST-determina- 
tions are sufficiently frequent to allow of judgement, a decrease of 
the AST seems to occur after that interference. 

Almost all the cases of chronic nephritis showed values below 
200. One out of 28 cases showed a value of 280 on one occasion, 2 
had only just 200. — S.H. 990/43 was a woman, aged 28, who 
throughout several years bad displayed signs of increasing renal in 
sufficiency. No fresh infection. The pt. died in the ward of uremia. 
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— S.H. 1647/43 was a man, aged 41, who in 1938 liad been ad- 
mitted with chronic latent nephritis. He is admitted^ now after a 
fainting fit. No signs of fresh infection. - S.H. 1/17/43 aads a 
woman, aged 51, whose renal disorder was diagnosed 3n 193b. 
Admitted wth increasing cardiac insufficiency. No signs o acu e 


infection. • • r,i 

4 cases w'ere perceived as relapse in a chronic nephritis, o o ic 

cases were young people who some years ago had had nephritis 
and who again, after an intcrs'al without any subjective incon- 
venience, developed signs of nephritis. VII 332/43 was a middle- 
aged man, whose nephritis was ascertained 8 j’cars pre\nously and 
w’ho now got a recrudescence of his symptoms after an acute 
enteritis. In one of these pts. an increase of the AST was found 
(S.H. 682/43); he was a man, aged 18,. who had had nephritis at 
the age of 4 years. The urine had not been examined since. He got a 
slight cold 2 days before admission. There was proteinuria of short 
duration, constant slight hematuria, normal blood»prcssure, and 
urea clearance. 


Discussion. 

As regards the etiological question the result of the priwenl 
examination decidedly indicates that in by far most cases of acute 
nephritis we have to do with a sequela of an acute infection witli 
hemoljdic streptococci. Only 6 out of the 78 cases of acute nephri- 
tis had no increase of llie AST. 3 of these 6 cases had hemolytic 
streptococci in the fauces and may, therefore, probably be consi- 
dered )>poor anti-body formers!). 1 of tlie remaining 3 cases possibly 
had a syphilitic nephritis. Cases of non-streptococcal nephritis thus 
occurred in this material in 5 to 10 per cent, of the cases at the 
utmost. 

It is, of course, a question whether that which is determined 
has anything at all to do witJi the renal disorder, whether it is not 
simply the AST-increase after an acute streptococcus infection. 
If the present material is compared with Winblad’s (1941) and 
Kalbak’s (1942) tonsillitis and scarlatina material we do not get 
any convincing impression, at any rate as far as scarlatina is con- 
cerned, of the AST-curve being very different when the disease is 
complicated with nephritis and when it is not. As far as ton.sillilis is 
concerned such comparison is difficult, as for unknown reasons 
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Winblad seems lo find far higher values in that disorder than 
Kalbak does, 

_ Moreover the material proves the justification of ascribing no 
slight importance to AST-determinations when the question of 
acute or chronic nephritis lias to be settled. Only 4 out of the 
28 cases of chronic nephritis displayed an increased AST, and the 
2 of them only just 200. When this is compared with the result of 
the examination in acute nephritis it must be concluded that in 
this differential diagnosis the occurrence of an increased AST 
points to the presence of an acute disease, \s’hile a normal AST sug- 
gests a chronic condition. The AST-determi nation thus becomes of 
importance Avhen the question, so important individually and so- 
cially, has to he decided, whether the pt has to stay in bed for 
months or his disorder may be considered refractory to his staying 
in bed or to ordinary hospital treatment. In making this decision 
we must, how^ever, of course consider the possibility of strepto- 
coccal infections previously passed off, and of no consequence in 
this connection, as well as the fact that in a small percentage of 
apparently normal individuals an increased AST is found. 

Summary, 

In a number of patients with acute and chronic glomerular 
nephritis W'eekly AST-determinations were made. 6 out of 78 cases 
of acute ‘nephritis had a normal AST. 3 of them had hemolytic strep- 
tococci in the fauces, 1 pt. probably had an acute syphilitic nephri- 
tis. 4 out of 28 cases of chronic nephritis had a slightly increased 
AST. 

It is concluded that acute nephritis is almost always a sequela of 
an infection with hemoljdic streptococci and that AST-determi- 
nations are valuable in the differential diagnosis bet\veen acute 
and chronic nephritis. 
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Although tlie operation of welding is not reckoned among the 
most dangerous trades, yet it may give rise to several forms of 
poisoning, or occupational diseases. Tlie knowledge of tlicse dis- 
orders is not very widespread among medical practitioners, and the 
purpose of the present article is to give a survey of tlicse questions, 
together with an account of the author’s own observations. 

Autogenous welding. 

Gas-welding or autogenous welding is effected by means of a l)lo^Y-pipe to 
which is conveyed an inflammable gas (in most cases acetylene) and 
oxygen in suitable proportions — usually in equal parts. The flame has 
a very high temperature: 3500 — 4000°C. Afler (he part that is to be welded 
has been healed up to melting-point, a suitable quantity is melted off from 
a welding rod, so as to become fused with (he pi:ces of metal under treat- 
ment, and the two parts arc thus made to unite.. Autogenous cutting is em- 
ployed especially for dividing and shaping pieces of steel and gives a very 
even and smooth cut-surface. Tlie material is first lieatcd up by means of 
a blow-pipe until it becomes incandescent, and a tliin jet of oxygen isThon 
directed against the glowing metal. 

Poisoning or occupational di.scases among welders using liie 
autogenous method may be due to: 1. Acetj^ene or possibly exis- 
ting impurities therein. 2. Gases evolved in llic welding flame. 
3. Fumes and gases from tlie piece of metal under treatment. 

— Acta med scandinao, Vol, CXXf. 
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1. Acetylene and possible impurUies therein. 

Acetylene^ is an unsalurated cerbohydrogen compoiaid 
having narcotic action (cf. the use of Narcyien in surgery). The 
narcotic effect is due to t]ie air being deprived of oxygen. A con- 
centration of 33 per cent leads (according to Da\ndson) to loss of 
consciousness within 7 minutes. A mixture of acetylene and oxygen 
is explosive if the acetylene concentration is greater than 2.5—3 
per cent. Thus in the presence of open fire explosion will take place 
long before the concentration becomes otherwise dangerous. So far 
as can be seen, onty one case of poisoning which m.ust presumably 
he ascribed to acetylene is reported to have occurred among wel- 
ders (^Virtschafter and Sclnvartz). In that case the welder had shut 
off the cock for supply of oxygen, while the cock' for acetylene 
remained open. 

The possible presence of impurUies in the acetylene is a matter 
of greater interest from a medical stand-point. In unrefined acety- 
lene there may be present such highly poisonous gases as phos- 
phoretted hydrogen (PHg), arsenuretted hydrogen (AsHg), sulphu- 
retted hydrogen (HgS) etc. in quantities which vary greatly accor- 
ding to the qualit)'- of the carbide from which the acetylene is 
obtained. The Elektrochemische Gesellschaft in Hirschfelde 
(Saxony) has stated that the PHg concentration amounts to from 
0.02 to 1.8 per cent and that the HgS concentration lies between 
0.01 and 1.3 per cent. In the literature there are reported several 
cases of poisoning during welding which are ascribed to these gases, 
but the causal connection often seems doubtful. Most of the cases 
are certainly due to other gases (cf. section 2). In the appended 
.list of publications reference is made to the authors wdiose pub- 
lished cases must presumably or possibly be attributed to impuri- 
ties in the acetylene. Nowadays there is almost always used purified 
acetylene compressed into steel containers, the so-called )>dissous 
gas)), which contains quite insignificant and absolutely harmless 
concentrations of the above-mentioned gases (for example, in 
Norwegian sdissous gas» 0.0017 vol. per cent of PH3. 0.0008 vo . 
per cent of HgS and non-demonstrable quantities of AsHg). 

2. Gases evolved in the welding flame. 

a. Carbon monoxide has formerly been regarded as one onhe 
principal causes of poisoning during welding, especially in confin 
spaces. 
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Complete conibosUoii ol acelylciic proceeds according to the following 

vompiei = 4 GO, + 2 11,0. In the inner zone of the 

combustion tabes place, as equal parts of 
acetyleL and oxygen are employed. The combustion formula here s C, I, 
-p 0, = 2 CO + H,. Meanwhile the combustion of CO continues to take 
place in the outer zone of the flame by aid of the oxygen in the air. 

Even when the welding lakes place in small, unvcntilalcd rooms 
and although, as appears from the above formula, the welding 
flame deprives the air of 1 V> tinges as much oxygen as is conveyed 
to the burner from the oxygen-container, ])ra cl ical cxperimenls 
(especially those made by Rimarski & Konschak) have shown that 
there never occur CO-conccntralions exceeding 0.01 per cent, which 
is the upper limit usuall}' fixed by occupational lu'gienisls for the 
concentration if the Avork is to be continued for several hours 
Avithout deleterious results. It Avas only Avhen the flame was alloAvcd 
to burn freely for OA-cr fiA-e hours in an airtiglit room (Avhich, of 
course, ncA^er occurs in practice) tliat llic CO-conccnl ration rose to 
aboA'e 0.01 per cent, but tliat experiment also shoAved that before 
the concentration of CO reached dangerous degrees tlie air became 
insupportable oAving to accumulation of carbon dioxide. — In tlie 
literature there liaA-e earlier been reported numerous cases of poi- 
soning Avhich are ascribed to CO, but Avhich accordingly must ha\’c 
had otlier causes. 

b. Nitrous fumes (oxides of nitrogen) constitute the chief danger 
in autogenous Avoiding or cutting in confined spaces, a risk to 
Avhich the English Chief Inspector of Fadorie.s, J. C. Bridge, was 
the first to draAv attention in 193‘I. (The Avell knoAvn toxicologist 
Zurich had been in touch Avilh this idea a year earlier.) 

It has long been known that nitrogen and oxygen at liigh temperatures 
can form nitrogen monoxide; N, -f 0, = 2 NO, an ciulothcrmal reaction 
But this gas is very unstable and ca.sily breaks down to nitrogen and 
oxygen again. Large quantities of NO are eA’oh'cd only Avhen the gas is 
rapidly removed from the zone of reaction and cooled off. In autogenous 
we mg the possibilities for formation of NO are certainly present; Tlio 

concentrations as 

impurities m the oxygen (in Norwegian oxygon 0..3.3— 0.41 per cent) and 
m the accly one, „,.d „.ay also possibly he JlLot, Iro.„ the ah “Ivi'.R lo 

} - yg n in the air to form nitrogen peroxide (NO or N O t n 

broAvmsh gas with pungent odour. ' ■ 
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Only extremely small quantities of NO^ are required to produce 
symptoms of poisoning. According to Henderson & Haggard irri' 
tation of the throat may be produced by 0.006 vol. per cent and 
coughing by 0.01 vol. per cent. A concentration of 0.012—0 015 
vol. per cent ,is dangerous even ^vhen the action of the gas lasts only 
a short time, and vdth concentrations of from 0.012 to 0;015 vol 
per cent a fatal effect is rapidly produced. The maximum* concen- 
tration that can be continuously inhaled without injurious results 
has been estim.ated by the Massachusetts Division of Occupational 
Hygiene to be 0.001 vol. per cent (Case & Castrop). 

Quantitative determinations of nitrous gases evolved during 
the operation of welding have been carried out on a minor scale by 
Bridge, by Maenicke and by Kienitz and on a larger scale by 
Rimarski & Konschak. The conclusion drawn from these investiga- 
tions is that in autogenous welding and cutting of metals nitrous 
gases are always produced, and further that the quantity evolved 
increases according to: 1) the duration of the work, 2) the size of 
the burner employed, 3) the time in which the flame burns freely, 
4) the decreasing purity of the oxygen. Practical experiments have 
showi that in spite of the use of a ventilator, or even of compressed 
air, during welding operations in a boiler there may arise alarming 
or dangerous concentrations of nitrous gases. With use of verj”' 
large burners a fatal concentration may be produced after only 
fifteen minutes’ work in a confined space (for instance, in the hold 
of a ship), unless care is taken to provide for effective ventilation. 
In case of cutting or burning of metals the concentration is slightly 
less than in welding. 

On going through the cases of poisoning during autogenous 
welding or cutting that have been published since these working 
processes came into general use in the years from 1915 to 1920 it 
will be seen that many of the poisonings which from time to time 
have been ascribed to a great variety of causes (acetylene, acetylene 
iro.purities, carbonic oxide, acroleine, »Reizgas») may safely be 
assum.ed to have been caused by nitrous gases. In a monograph 
published by the present writer in 1940 (in sNordisk Hygienisk 
Tidsskrift») there is given a tabular survey of 22 different publica- 
tions, comprising altogether 53 cases of poisoning during the process 
of autogenous wielding where nitrous gases constitute by far the 
most probable cause, and since that time a number of additional 
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cases have been reported. In this respect the reader is referred to 

■ the appended list of publications. 

An account of the syinptomalologj^ and the pathological ana- 
tomy in cases of poisoning by nitrous gases will be found m a 
previous article in this journal by Torsten Lindqvist. 


- 3. Fumes and gases from Ibc piece of me.ial under Ircalmcni. 

In tlic welding or cutting of clean melals vapours do not arise, as 
the metal is heated up only to melting point, and the vapour ten- 
sion is therefore practically equal to 0. But poisonous \apour 
maj’’ arise from the coalings of melals. In autogenous welding oi 
cutting of metal painted Avith red-lead (Pb 304 ) or while-lead (2 
PbCOa -f Pb ( 01 - 1 ) 2 ) very large quantities of lead oxide vapour- 
are given off and thus there arises a great risk of lead poisoning, 
as oxide of lead begins to give off vajionr at a lemperalnrc of from 
750“ to 800° C. and boils at about M70° C., wliile iron docs not 
melt before reaching about 1500° C. E. W. Brown in 1920 describes 
hoAY. 49 per cent of 221 men engaged in autogenous welding at an 
American sliipyard were attacked by lead-poisoning in the course 
of 8 months, causing a lo.ss of altogether 2,105 days of work. In the 
annual reports for the years 1923 — 1940 from tlic Chief Inspectors 
of Factories in Norway 33 ca.scs of lead jioisoning or oDicr dis- 
orders caused by lead after tliat kind of Avork arc recorded. l)ut this 
figure certainly represents only a minor part of tlic actual number 
of cases. 

Coalings on metals may also giA’c rise to mclal fume fever, c-siie- 
cially in the form of zinc fever (ofounders’ ague»). TJiis disease may 
also arise in the Avoiding or cutting of gah'anized {i.e., zine-jilatcd) 
sheets of iron, or Avhen the mclal is coaled Avilh zinc-Avhile, like- 
Avise Avhen Avorking Avith allogs containing zinc, such as lirass (coji- 
per and zinc) or nickel silver (copper, zinc and nickel). 'I’o obtain 
the melting-point of brass it is nece.s.sary to heat tiic alloy up to 
a temperature of about 8,50° C,, that is to say, nlniost up to the 
boiling-point for zinc (930° C.). 


Acrolein poxsonhv^ is said lo occur in the (rea(m(<nt of healed metals 

concent rat ions of .acrolein facrvl- 
a dohyde Clh-CH CHO) are supposed to he like those of pl.osgcno ( iuH nl 
the previous World War this gas was used liy the French in gSiTa. tlXh 
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and it has a highly irritant action on the mucous membranes feves 
respjratory tract). '^‘nwranes (ejes and 

Carlon monoxide poisoning may arise in case of incomplete cornhusfmn 


Cases of poisoning by nitrous fumes during autogenous melding or 

cuiiing of metals in Norway. 

On going through the annual reports from the Chief Inspectors 
of Factories for the past 20 years there were found records of several 
cases of poisoning during autogenous welding or burning which are 
of immediate interest. Regarding some of these cases supplementary 
particulars were obtained from hospitals or in the records of the 
State Insurance Office. 

Cases 1 and 2. {Claims No. 5560 and 5558, 1924, State Insurance Office.) 
One forenoon in August 1924 a man aged 42 was enaged, together with 
another, in burning out rivets in the boiler of a donkey-engine on a boat 
in Fredrikstad. During this work compressed air was conveyed to the boiler. 
The work lasted about 1 % hours, during which time they are said to have 
noted no symptoms of illness. After having come out, they felt a little 
!>queeri>, but were well enough to be able to waslh themselves, draw their 
week’s wages and walk home {about 2 ^ km). A couple of hours after 
finishing the work the first-mentioned man began inbreathe very heavily. 
He got a cough with yellowish-red expectoration, the symptoms gradually 
became more severe and he died of pulmonary edema in the presence of the 
doctor — in spite of treatment Avith camphor injections and other stimulants 
— about seven hours after conclusion of the work. The doctor who treated 
him expressly states in his report that there was no sign of carbon monoxide 
poisoning (as had been suggested by the inspector of explosive and inflam- 
mable materials), but that nirrespirabie gases . . . had had an irritating 
action on the bronchi . . ., so that there arose symptoms of inhalation 
pneumonia A\diich . . . Avas accompanied by acute pulmonarj’’ edemai). 

The other man became short of breath ou his AA'ay home, felt sore in 
the throat and got a dry hacking cough, increasing in intensity during 
the afternoon and evening. The doctor Avho was called iti, found him half 
sitting up in the bed, and he wms then so short of breath that he could 
only speak a couple of AA'ords at a time. The respiration AA’as superficial 
(40), the pulse good (84). No abnormal sounds over the lungs. On the foIloAV- 
ing daj^ numerous bronchitic sounds Avere to be heard OA'^er the posterior 
surface of both lungs, as well as moist rales and frictional sounds over the 
right lung. The pulse Avas then 100, the temperature normal. In the course 
of the folloAA'ing days the symptoms gradually subsided, and he Avas able 
to get up 'on the 9fh day after the poisoning. For some time afternurds 
he felt languid and got short of breath when Avalking, but AA'as fit to resume 
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his work on the 23rd day after the mishap. The doctor who attended him, 
' ™ CoBis in . oport to U .0 stale InBn-aaco Otticn >.u more y 

remarks that it was sa case of poisoning for which no explanation 

rtAnnual Report from the Chief Inspector of Factories, 


■dTwo workmen were engaged in burning with autogenic flame through 
manganese steel castings with an underlayer of zinc. After having workec 
for about 4 hours one of them felt ill, having a dnj cough ' and presumably 
headache and feverishness. On resuming the work he again felt ill, so that 
he had to go home. The other man became violently sick on the day after 
the work of welding was finished, ' with headache, nausea, vomiting and fe- 
ver. Both of them complained of dyspriea. ’ The illness is presumed to be 


due to inhalation of zinc vapours.» 

It has unfortunately not been possible to obtain further information 
regarding the circumstances under which the poisonings occurred or about 
the subsequent course of the illness. It is possible that some of the symptoms 
may have been caused by zinc oxide (»zinc feven*), but this diagnosis is not 
fully satisfactory. The probability is 'that nitrous fumes have been a confri- 
butory factor. 

Case 5. (Claim No. 1221/1934, Stale Insurance Office.) A welder in 
Lillehammcr was on the I4lh February 1934 engaged in autogenous wel- 
ding of the coupling-muffs of pipes in the interior of three oil-tanks, about 
2.5 metres long and about 1 metre in diameter and provided wilh a man- 
hole (size not slated). During the work the tanks had to be gradually rolled 
round by another w'orkman, so that the part to be welded was constantly 
being turned upwards. One half-turn of the tank brought the manhole to 
lie underneath, so that the interior of the tank was almost entirely. cut off 
from air supply. The man could not keep on working for more than 15 minu- 


tes at a time without getting fresh air. The work inside in the tanks look 
altogether about an hour and a half. Ho started to work at 8 a.m. and 
after the lapse of a couple of hours he begairto find it difficult to breathe. 
At 1 0 clock he was allowed to go home from the workshop on account of 
a constant irritating cough and difficulty in breathing. A doctor was called 
in the same evening, and two^days later the man was sent to hospital. On 
admission he had distinct dyspnea and was slightly cyanotic. Pulse 104, 
temperature 37.3° C. Numerous rAles were heard over both (he anterior' 
and the post^ior surface of the lungs. During the first days in the ho.spilal 
he had. considerable dyspnea and coughed up large quantities of frolhv 
red-coloured sputum. After Iroalmenl with stimulants (coramin etc ) Ids 
condition rapidly improved. X-ray examination of the lungs twelve ‘days 
after the accident revealed a somewhat . fluffy, shadow outside of each lulus, 

27th m <i'scharged from hospital on the 

^ poisoning occurred , wilh t he diagnosis- 

O) „,C a s„l»c,„anl raporl Insarauoc 0?.™ 


^ Italicized by the present writer. 
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Xdated 1st October 1934) the doctor who treated him in the hospital stated 
that the patient was not completely cured; he still complained of shortness 
of breath after exertion and had less power of endurance than before For 
example, he had to .give up his gymnastic exercises. .In reply to inquiries 
he states in a letter dated January 28tli 1943 that he still has the same symp- 
toms and that since the poisoning he has been very liable to get severe 
attacks of coughing. (»It has sometimes happened that I got such a lit of 
coughing that I fell down in the street, but fortunately it has very seldom 
been so bad as that.#) 

Case 6. A workshop foreman was one day in December 1939 engaged in 
welding operations in an experimental laboratory about 80 cubic metres 
in size. After about one hour’s work he got an irritating cough and had 
difficulty in breathing. He went out into the fresh air for fifteen minute.? 
and then tried to work again, but in vain. After resting a while longer he 
proceeded with the work for about an hour. On his return home he got 
severe fits of shivering and had a general feeling of illness, slept badly in 
the night, but had more or less recovered the next morning. Three other 
welders in the same room had coughed a good deal and felt unwell, but 
were not obliged to discontinue their work. 

Cases 7 — 10. In the evening of January 18th 1940 two welders and two 
platers started to burn out rivets in the forepeak of a ship in one of the 
Oslo shipyards. After about twenty minutes they had to go up into the 
fresh air on account of shortness of breath, painful coughing, nausea and 
srunning from the eyes)>. A fresh attempt 45 minutes later had to be aban-' 
■ doned owing to violent fits of coughing and a third unsuccessful attempt 
was made after a couple of hours. They then had to discontinue the work 
■ and went home. One of them was able to resume the work nine days later 
(after getting treatment at home), but then only with difficulty, the others 


after a couple of days. 

Cases 11—13. On March 5th 1941 tliree welders, relieving each other 
every ten minutes, were engaged in burning off a layer of pitch and beer- 
scale in a tank, about 5 metres long and about 2.5 metres in diameter, 
provided with a manhole of about 0.3 m®, just barely large enough to allow 
a man to enter. The tank was supplied during the work with fresh air from 
a compressor’ A large welding blow-pipe waj employed. After from about 
1 % to 2 hours the men began to feel symptoms of poisoning. 

B. H. was inside the tank for 45 minutes altogether and appears o 
have held the air-tube before his mouth the whole time. He got ill during 
the work, became ogreen in the face)), coughed and vomited. He remame , 
however, at the place of work for altogether 6 Vg hours, mA walked 
from there to a doctor. He was advised" to go to hospital, but decline o 
do so. He was then given an injection of morphia (I) and afterwar s wa -e 
home. In the course of the afternoon he became very ill and coughed up a 
frothy sputum. His breathing got more and more laboured and he die ^ 
before the ambulance came to take him to hospital. Postmortem examina ^ 
tion made (by Dr. E. Hoel) the next day revealed, among other things: 
Unusually extensive death-stains. Closely situated small hemorr ages a 
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several places on tlie skin, especially over the shoulders, as well as on the 
conjunctiva. Very pronounced edema-of the lungs. Edema and ^ 
hvperemia in the cerebral membranes. No macroscopically ^^Slble he- 
morrhages in the brain. The blood had »a peculiar cherry-red. colour*. 
Conclusion: The immediate cause of death is an exceptionally severe pul- 
monary edema, due to inhalation of nitrous fumes and phosgene.- (Klaus 
Hansen, professor of phai’macology, states in his report that »expenence 
shows that acetylene gas not infrequently contains phosgene*, which is 

not correct.) ■ ‘ 

The second welder A. L., asked the same evening to be sent to hospital 
(Ullevaal, Dept. VIII), chiefly because of his workmate’s death. He had 
been in the tank for about 2 % to 3 hours in all. In the end he got sensa- 
tions of great constriction over the chest, as well as bleeding from the nose 
(a thing he had never had before), had a dry cough and W’as unable to 
eat. In the hospital there was found: greatly injected uvula, insignificant 
crepitation on the posterior surface of the right lung, temp. 37.9° C., S.R. 
14 mm., otherwise no abnormal findings. At his own wish he was discharged 
the next day, being then perfectly well. 

The third welder 0. M. was working- for altogether 70 — 80 minutes 
inside the tank and had the same symptoms as the pire'ceding patient. He 
too desired to be sent to hospital (Aker Hospital) on account of the death 
of his workfellow. In the middle of the night he got an attack of coughing 
accompanied by uneasiness, slight sensations of constriction over the ciicst 
and a little headache, and he was given 1 cm® of morphia. Next forenoon 
he had a few slight attacks of dry coughing. Nothing pathological was 
found on clinical examination, and after 5 days he w’as discharged from 
hospital and at once began to work again. In the first time after beginning 
his work he easily got tired and now and then he felt a stinging pain in the 
left axilla. 


Electric welding. 

Electric welding or arc welding is performed by means of an electric arc 
as source of heat. This arc is usually produced between an electrode and 
the piece of metal to be ivelded and has a temperature of from 3000° to 
4000 C. The electrode now used most often consists of material similar to 
the metal under treatment. It may be uncovered or be covered by a coating 
of greatly varying composition. 

Poisoning, or occupational diseases, among electrowelders may 
be due to: ]. Inhalation of »welding fume*. 2. Rays from the arc 


1. inhalation of melding jumet). 

*Weld]ng .fume* is a dense, white, grayish-white to yellmvisl 
broTOish vapour of extremely variable composition. It cont, 
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gases evolved in the electric arc, vapours from t],e electrode metal 
or the coating thereof and from the piece of metal that is beina 
welded. v 

a. Gases from ihc arc flame. That niirous fumes arise in the 
electric arc has been known for over 100 years. The first who drew 
attention to the fact that tins is also the case in arc welding was the 
Austrian engineer Franz Osswald (1928). This has since been con- 
firmed by many investigators (including Titus, Warren & Drinker, 
iMacQuiddy and collaborators, Weber & Yende, Case & Castrop’ 
Rimarski Sc Konschak). If animals are experimentally exposed to 
inlialation of welding fumes (filtered or unfiltered) they often die 
of bronchopneumonia and pulmonary edema owing to the nitrous 
gases contained in the fumes. Investigations of gas concentrations 
in the workshops have showm, how'ever, that there is very seldom 
any risk of poisoning by nitrous gases during arc welding. Cases 
which may possibly be attributed to this cause have been reported 
by Adler-Herzmark, Williman, in )>Der gewerbearztliche Dienst* 
and by Jacobsen, Tlic pathological pictures in these cases can, 
however, he interpreted in various ways and the etiology is uncer- 
tain. 

1). Fumes from Ihc electrode melal or ihc coating thereof. 

The uncovered electrodes ai'C made of steel of somewliat varying compo- 
siiion. The melal may contain small quantities of manganese (0.3 — 0.6 per 
cent, in certain special electrodes over 1 per cent), phosphorus, sulphur, 
cai'bon, silicon, copper, nickel, chromium or cadmium. 

Tlie coaling on the electrode is of highly variable composition, which is 
kept .secret by the makers. Silicic dioxide is practically alwaj^s one of the 
constituents (15 to 38 per cent SiO,). Manganese and iron are a,lso often 
added, less frequently titanium and fluor (the coating of certain special 
electrodes used for welding aluminium and rustproof steel, however, 
contains considerable quantities of fluorides). Those who are specially 
interested in this matter may consult the publications of Weber & Yende 
and of Case Castrop. 

It will be seen from tlie foregoing that the fumes from the 
electrode vary too much in composition to admit of giving gene- 
rally applicable figures of analysis. The main constituents are: 
ferric oxide (50—97 per cent), siiicic dioxide (0.5—21 per cent), 
manganic oxide (1—26 per cent), and calcic oxide (0—26 per cent). 
More detailed particulars are given in the autliors’s afore-men- 
tioned monograph. 
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In no other occupation are tlie workers liable to inhale such 
laree quantities of ferric oxide as during electrical welding m con- 
fined spaces, and after years of work under such ciiTiunstances 
there may arise sidcrosis of the lungs, an occupational disease which 
was first detected among electric welders in England by Doig&i\k- 
Laughlin (1936). These two investigators, however, ivere not quite 
clear as to the causative relation, lliey discuss the po.ssibilities of 
silicosis, asbestosis and siderosis. Cases of .sidero.sis among electric 
welders have later been - reported bj'^ Britton (1936), Hollmann 
(1937), Enzer & Sander (1938), Killick (1938), Sander (1939), 
Britton Sc Walsh (1940), Schiotz (1941), Koelsch (1941), Saupe 
(1941) and Breitcnbach (1942). Subjective disorders in connection 

with this condition are rarely seen, but may appear if the siderosis 

is verj'^ pronounced (cf. Koelsch). Small quantities of iron in minute 
particles, visible on X-ray photographs, ma)^ be absorlied in the 
course of a short time (Bentzen). Tlie iron is hardly lilcely to occa- 
sion fibrosis, such as is to be seen in case of silicosis. Meanwhile the 
possibilit}' that the silicic dioxide from the coaling on the electrode 
ma}* play a contributory part cannot be entirely precluded. In 
exceptional cases inhalation of large quantities of ferric oxide at a 
time may give rise to metal fume fever (Holstein). 

Whether the content of manganic oxide in the fumes can bring 
about occupational diseases is an undecided question, but it is 
ver}'^ unlikely. Symptoms from tlie cxlrap 3 ’ramidal nervous S 3 'stem, 
in the form of Wilson’s disease, liavc not been rejiorled to occur 
among electrical welders (Beintker’s cases are doubtful). Continual 
inhalation of manganic oxide can, as is knoivn, greall 3 ' increase the 
predisposition to croupous pneumonia (cf., among other.s, Elslad 
in »Nord. Med.» 1939). I-fypcrfrcquenc 3 ' of pneumonia among electric 
welders has been reported by Westhofen, Humperdinclc, Telek 3 ’ and 
Pozzi, but these publications are not conmneing from a statistical 

point of view. 


It is a known fact that the welding fumes often have an irritaliim 
effect on the upper (Bridge, Westhofen, i>Der gCAverbet 

arz hche Diensb 1935-36, Weber Yende). Several factors 
probably come into play here; oxide of calcium and metallic oxides 
(men ing cadmic oxide) from the electrodes and from the metal 

qultmcs™® 
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Digestive disorders are sometimes very much in evidence among 
electric welders (Humperdinck, Weber & Yende, Rosing) In 
Rosing’s investigations at the Krupp Works in Essen there was 
found a striking difference between electric and autogenic welders ' 
as regards the frequency of digestive troubles (37 per cent and 11 
pel cent respectively), and the cause was here assumed to be • 
chiefly the fumes from coated electrodes. The frequency was said 
to be far less when uncoated electrodes exclusively ivere employed. 

c. Vapours from -ihe mclal ihai is being welded. The risk of lead- 
poisoning and zinc fever is perhaps somervliat greater than in auto- 
genous welding, as the m.etal is heated up to higher temperatures. 


2. Days from ihe arc flame. 

The intensity of tlie ultra-violet rays is over 100 times greater' ■ 
in arc welding than in autogenous welding (Lipkowitsch), which 
explains ■u’liy electric, ophthalmia iar more frequently occurs'during 
the former process. An investigation carried out by the author 
through inquiries addressed to 270 electric rvelders shorved that 
02 ]icr cent of them' had one or more times suffered from electric 
ophthalmia (swelder’s hlindnessi)) as an occupational disease. This 
accords well with the result of investigations made in Russia by 
Lipkow'jtsch (67 per cent) and bj' Natanson & Winigrow (70 per 
cent). The latter found in 25 per cent a ))cbronic electro-ophthalmia» 
w'ilh injection of the conjunctival and ciliary vessels, while several 
■workmen had minute obscurations in the lens, detectable by means 
of the split-lamp. In case of more intense action of light the fundus 
of the eye may suffer permanent injurj'^, but this is extremely rare. 
Cases have been reported by Thies, Roy and Ochi. 

The infra-red rays in the arc flame can hardly be supposed to 
play any important part as regards the etiologj'^ of eye diseases in 
electric welding. Cases of occupational cataract such as may occur 
among glass-hloAvcrs and cnxployees in smelting works have not 
been reported among electric welders. 

As regards flie hygienic precautions demanded during the opera- 
tion of welding, the author’s prcmously mentioned monograph 
nray be consulted. 
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Summary. 

Welding from Medical Point of View. 

Poisoning or other occupational diseases among autogenic wel- 
ders and burners may be due to: 

1. Impurities in unrefined acetjdene: phosphorelted, arsem- 

uretted or sulphuretted hydrogen. 

2. Gases evolved in the welding flame; nitrous fumes. 

' 3. Vapours or gases from the metal which is being treated; 
metal oxides (especiallj'^ oxides of lead and zinc), acrolein, carbon 
monoxide. 

From his Q'wn observations, from the records of the Stale Insu- 
rance Office and from the annual reports of the Chief Inspector of 
Factories the author has collected 13 cases of presumable poison- 
ing ndth nitrous fumes during autogenic welding and burning 
which occurred in Norway in the last 20 years, two of them with 
fatal issue. Case-histories and clinical findings arc reported. 

Poisoning or other occupational diseases among electric, welders 
may be due to: 

1. Inhalation of welding smokc», which consists of: a. Gases 
from the arc flame (nitrous fumes, mostly in infinitely .small quan- 
tities). b. Vapours from the electrode metal and from the coaling 
of the electrode (oxides of iron, manganese, calcium, fluor, tita- 
nium etc.). Siderosis pulmonum has not infrequently been noted 
among electric welders. Irritation phenomena in the upper air- 
passages and digestive troubles are often prominent features, c. 

Vapours from the metal which is being welded (as in autogenic 
welding). 

2. Rays from the arc flame: especially ultra-violet rays, 
which give rise to »e]ectric ophthalmias, a disorder frequently 
occurring among electric welders (swelder’s blindnesss). 
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(Head; Professor A. Knslenson.) 


Exudative Pleuritis as a Symptom in Cases of 
malign Lymphogranulomatosis. 

By 

TORSTEN BRUCE. 

(Subinilted for publication March 28, 19.15). 


Historical. 

In the year 1832 Hodgkin gave a clinical account of 7 cases of 
peculiar IjTOph gland swelling. In ISGij ^^ilks described 13 similar 
cases that he designated as DHodgkin’s disease*). When in 1936 Fox 
examined histological preparations from Hodgkin’s o^Yn cases he 
found that only 3 of the 7 cases were to be described as what ayc 
mean b}' lymphogranulomatosis. The other cases comprised tuber- 
culosis, syphilis and leucemia. During the 19lh century Yircho\Y 
in 1863 and Kundrat in 1893 carried out a histopalhological diffe- 
rentiation of various types of lymph gland s^Yclling included in 
Hodglvin’s original description. Sternberg also distinguished a jiar- 
ticular type of disease \Yhcn in 1898 he gave a careful description of 
a histologically clearly delimitable tissue change of granuloma type. 
In 1909 Paltauf gave this the no\Y generally accepted name of 
lymphogranulomatosis, »Sternberg-Pallaufsche Krankhcit*). 

I do not propose here to go into the disturbances that are in\llu)- 
logico-anatomically characteristic of lymphogranulomatosis. The 
actual nature of the disease has been much discussed. What no\Y 
appears to be the generally accepted view is that lymi)hogranulo- 
matosis is a systemdiscase in the lymphohcmopoetic apparatus 
35 — Ada med. scandinavica. Vol, CXXI. 
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lliat IS provoked by an as yet unknown germ. The persons who 
contract it must liave a special disposition of Uie lymph system if 
tlie infectious process is to develop.' It is deserving of mention, 
however, that lymphogranulomatosis is still regarded, even by some 
modern researchers, practically as a malign tumour. 

The typical hjiriphogranulomalosis is characterized by an in- 
crease in the growth of the organs of the lymphatic system, with swell- 
ing of superficial and mediastinal lymph glands and enlargement of 
the spleen as prominent symptoms. The lymphogranulomatosis 
changes often extend, however, beyond the lymph glands — so- 
called extra-glandular lymphogranulomatosis. Such changes have 
now been described in all the organs of the body, even if in cer- 
tain cases only as an exception. The granulation process progresses 
from the lymphoid tissue to that of the various organs, that is pushed 
aside and sometimes destroyed. Extra-glandular lymphogranuloma- 
tosis appears but seldom as an independent clinical disease. The 
localizations that in the first place occur in cases of »primary)) 
extra-glandular lymphogranulomatosis are stomach and intestine, 
lungs, skin and skeletal system. 

In not a few cases the lungs are involved in the lymphogranulomat- 
ous process. Different writers give this as between 9 % (Gilbert) 
and 30% (Sternberg); and on an average one may estimate the lungs 
to be involved in the lymphogranulomatosis in about 20% of cases. 
The disease reaches the lungs either by direct progression from near- 
by mediastinal lymph glands or by way of the blood vessels. 

A primary localization of lymphogranulomatosis in the pleura has 
probably not been described. The disease reaches the pleura from 
some organ in the vicinity of the pleura. The visceral pleura 
may be involved in the lymphogranulomatous process from a focus 
in the lung; the parietal pleura may be involved in the process 
through an agressive growth of lymphogranulomatosis in mediasti- 
nal and axillary lymph glands or costal foci. Judging from informa- 
tion in the literature, it is much commoner for the visceral pleura to 
be involved in the morbid process than for the parietal pleura. 

Lymphogranulomatosis occurs in the pleura in different anatomi- 
cal variants. According to Verse 1931, the foci may constitute mili- 
ary nodules, small granulated formations, or may occur in larger, 
knottier forms. Through the growth of the granulation tissue ttie 
pleura may become the seat of a diffuse infiltration and thickening 
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that, if the pleural laminae arc joined, may form conneclcd scar- 
like masses. „ t 

The clinical symptom thai in the first place draws allcntwn to 

Ihc pleura is the discharge of fluid in the same. As a mailer of fact, this 
symptom is not uncommon in eases, of lymphogranulomatosis. In 
1921 Lemon & Doyle dcmonslralcd liquid in the pleura in 4 of 26 
patients, Whitacker in 1923 in 7 of 40 patients, Wright 1938 in 17 
cases of 60 with inlrachoracic changes and Ratkoezy 1940 in 13 of 
64 clinically carefully examined eases. In such tabular presentations, 
however, a number of cases are undoubtedly included in which the 
lymphogranulomalous process has not progressed to the pleura 
itself, but in which the discharge of fluid is of a more transiidalivc 
nature, caused by an interference in the drainage of tlie tissue 
fluid resulting from lymphogranulomatous changes in the inlra- 
thoracic lymph glands themselves or owing to the compression by 
the swollen glands of ductus thoracicus, venae anonvmae or vena 
azygos. Tills emerges from investigations carried out on section 
material by Ccclcn & Rabinowilsch 1917 and Ycrs6 1931, 

The exudate that is formed in cases of jileural lymphogranulo- 
matosis docs not stand in a direct quantitative proportion to the 
anatoniical extension of the disease in the pleura. Thus, Fraencke) 
A i\Iuch in 1910 found in one case only 200 ml of fluid, although a 
large part of the pleura was coaled with lymphogranulomatous 
nodules. In other palienl.s, c.g. in a ease described by During in 
1918, the reverse relation obtained. .Sometimes the e.xudation is 
considerable, as in a case described by Dietrich in 1912, where quan- 
tities of fluid amounting to over 2 litres were drained off and repla- 
ced in a short time by newly formed exudate. Tlic exudates generally 
have a serous character; v. Heckcr A Fisclier 1922 and Ratkdezy 
1940 described cases in which the fluid was scrously hemoiTliagic. 


Author’s material. 

An account will be given in the following of two cases of lumpho- 
granulomalosis in which during one phase of the disease symptoms 
from the pleura were predominant. 
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. hjmph ft/a/irfs in the ncch and performed a test excision on the 20jr 1036 The 
histological picture slmwed lymphogranulomatosis in an earlv slai-c/lho 
patient received X-ray Irealinent, after which tlie lymph glands WCTe so 
reduced in size that it was no longer possible to palpate them. Patient was 
subjectively Iieallliy until the summer of 1937, when enlarged Ivnipli glands 
appeared in the left axilla. After renewed X-rav treatment once more 
free of symptoms. — In October 1937 had a feeling of stitch in the left side 
of the chest. X-ray of the lungs on the 18/10 1937: left diaphragm drawn up 
and adhering to the llioracic wall. In the posterior sinus diffuse density. 
No changes in the lung parenchyma. Pleural puncture was performed and 
a clear, light yclloiv exudate drained off. At Christmas 1937 a period of fever. 
X-ray of the lungs on the 13/1 1938: centrally in the lung field somewhat 
marked streaky structure. No definite contours of lymph glands, and no 
signs of parenchymal processes. A new series of X-ray treatments was given 
for swelling of lymph glands in the neck. — In the beginning of April 1938 
fever again; temperalurc about 38° C. Admitted to the Medical Clinic of the 
Srrajimer Hospital on the 27/^ 103S. From status: slender build, very thin, 
weakly developed musculature. No cyanosis or dyspnea when resting; no 
edema. In the left axilla a couple of lymph glands the size of shell-almonds. 
Otherwise no palpable enlarged lymph glands. Lungs: entire left half of 
the thorax bulged more marhedly than the right. Considerable left-sided did- 


ness, inhibited or eery much weahened respiratory sound oeer the left lung. 
Abdomen: the spleen w.as palpated three finger’s breadths below arcus. 
The liver not palpable. Blood: hemoglobin 70%, red blood corpuscles 3 
mill/mm’. White blood corpuscles 6,500. Differential count: neutrophile 
73 %, eosinophile 1 %, basophile 1 %, lymphocytes 21 %, monocytes 4 %. 
Sedimentation rate 123 nun/hour. Mantoux negative wilh 0.1 mgm tuber- 
culin. Thoracocentesis on the 2/5 1938, when 2,S00 ml of clear, light yellotv 


exudate ivas drained off. Thoracoscopy siiowed the lung to be lying strongly 
collapsed against the hilus. It was atelectatic and greyish blue in colour. 
Pleura parictalis was not particularly reddened but showed slight vascular 
injection. On the lowest part of the interior lobe were observable on the 
surface of the lung some yellow-white nodules ranging up to .the size of a 
pea. On the diaphragm, ivithin the region of the cupole^nd adjacent parts uere 
observed yelloiv-ivhite, tumour-like formations ranging from the si-e of a 
hemp-seed to that of a ivalnut. No ulceration. No fibrin in the pleura, le 
irleural exudate contained 4 % albumen. Of the cells in the exudate 5 /„ 
were lymphocytes and 15 % polynuclear cells, of which 4 % were eosino 
phile leucocytes. Preparation according to Wihman’s method of enrichment 
did not enable any definite cytological diagnosis; the amount of 
slight, the majority of cells consisted of leucocytes; there were m a i lo a 
moderate number of partly degenerated endothelial cells no ® 
X-ray on the 3/5 1938: left-sided pneumothorax with exudate basa } 
wilh almost complete collapse of UieJung. In the centra par o i ^ 
lapsed lung a patchy density. No pathological change m 
On the 12/5 a further 2,000 ml of clear exudate was drained off 
21/5 2,000 more ml. After this the tiimour-hke formation in 



EXUDATIVE PLEUHITIS AS A SA 


I’MPTOM IN CASES OF MALIGN ETC. 


557 


Avas drained off. The scdimeulation rale was then o5 niin/honr. j 
no more exudate was formed. Guinea-pig tests on the pleural 
on four different occasions negative results for tubeiculosis. Afl . ^ 
time during which the patient felt relatively well there was a worsening. 
jMors at liome in the spring of 1039 without any signs of renewed pleural 

exudation having appeared. . , r -i t 

Case 2. Nurse, born 1909. No tuberculosis or cancer in the family. In 

June 1939 began to be troubled with stitch in the left side, dry cough and 
shortness of breath on exertion. No fever. Admitted to the Medical Clime of 
the Scraf inter Hospital on the 31 f 7 1039. From status; Afebrile. General con- 
dition good. Well-fleshed. Superficial lymph glands not patliologically 
enlarged. Abdomen: liver and spleen not jmlpable. Lungs: on physical 
examination showed signs of left-sided pleuritis with considerable e.rudation. 
Blood; hemoglobin 98 %. Red blood corpuscles -1.8 mill/miiF. Wliife Jdood 
corpuscles 5,800. Differential count: nculrophile GS %, cosinophile 2 %, 
monocytes G %, lymphocytes 21 %. Sedimentation rate -t inm/hour. 
Manioux negative with 3 mgm tuberculin. Thoracocentesis: 2,SOO ml clear 
light yellow fluid was drained off. Thereafter thoracoscopy: pleura pnrietalis 
slightly reddened. No characteristic tuberculous nodules observed an.x'Avliere; 
no fibrin in tiie pleural cavity. The lung was strongly collajised and grey- 
blue in colour. On the surface of the posterior part of the inferior lobe, but 
also on adfacent parts of the superior lobe near the inei.sitrc the lung was seen 
to be infiltrated by grey-white, nodular, tumour-like formations; no ulcerative 
processes. Specific weight of the exudate; 1,018. The itredominaling celKs 
were eosinophile leucocytes. In a preparation according to IVibrnan's 
method of enrichment some sparsely occurring inflammatory cell olenu'uts 
were observed, as well as a few larger cells occurring singly or in small 
groups, the latter by all appearances swollen and degmieraled endothelial 
cells; no definitely pathological cells. Guinea-pig tests carried out on the exudate 
gaA c on three different occasions negative results for tuberculosis. As malign 
tumour Avas suspected the left part of the thorax was subfecicd to X-ray treat- 
ment. In this connection, a density in the left lung that Avas observabie after 
the contesis diminished considerably in size. The tendency to exudation also 
decreased, so that only one fiirllier drainage, Avhon 2,000 ml Avas removed 
was required. - In June lO-lO the patient noticed a swelling in front of 
the slcrnum. In August 1910 a firm sAvellingAvitli a diameter of about 5 cm 
movable against the skin but fixed below and only .slighllv lender was pal’ 
pated over the sternum 3—1 cm from jiigulum. Corre.spmiding hereto X- 
lay examination shoAved an irregular clearer area in the upper part of 
coi-pus storm. Iho tissue •nvorimi obtained on puncture showed an inflain- 
matoiy picture with numerous polynuclear leucocytes and epithelioid cells 
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a shell-almond was palpated. This was extirpated on the 2jll 1940 , Jlicro- 
scopically it showed only in small areas a more or less intact lymph gland 
sti-ucture. Otherndso the lymphatic tissue was markedly changed, showing 
the cell-content characteristic of lymphogranulomatosis; swollen reticular cells 
numerous giant cells of Sternberg's type, plasma cells and a large number of 
eosinoplule cells. On the 16/11 1940 X-ray examination revealed a mode- 
rate lymph gland enlargement in the right lung hilus. Patient’s general 
condition still good. Sedimentation test 15 mm/hour. Was given further 
X-ray treatment in 1940 and 1941. In February 1942 the patient fell ill, 
with high fever, aching in the joints of the hand, elbow, foot and knee, and 
\vith reddish violet, tender efflorescences the size of a penny on the exten- 
sor parts of the lower arms and the legs below the knee (erythema nodo- 
sum). Mantoux positive with 1 mgm tuberculin. Sedimentation rate 59 ' 
mm/liour. X-ray of the lungs still showed glandular enlargement in the 
right hilus. In December 1942 the patient’s general condition was still 
good. In left fossa supraclavicularis and right axilla were palpated glands 
the size of a butter-bean. Sedimentation rate 13 mm/hour. Was given a 
now series of X-ray treatments. — In February 1944 the general condition 
of the patient was still excellent. Weight 75 kg. On the right side of the neck 
there was a firm gland the size of a butter- bean, and in the right axilla a 
conglomerate of glands the size of a walnut. Otherwise no pathologically 
enlarged, superficial lymph glands. Sedimentation rate' 17 mm/hour. Was 
given a new. series of X-ray treatments. 


Discussion. 

77ie two cases described above have certain jealures in common. 
The exudation developed rallier stealthily, without any very pro- 
nounced effect on llie general condition in tlm form of rise of tempe- 
rature, feeling of stitcli etc. The exudates were clear, and light yellow 
in colour. They had the same appearance as that generally characte- 
rizing exudative tuberculous pleuritis. No definitely pathological 
cell elements were demonstrable in the exudates; but in the one case 
the eosinophile cells predominated while in the other there were 4 % 
eosinophile cells. In both cases fresh quaniiiies of fluid were formed 
after the first centesis. Thus in the one case 4 Hires and in the other 
nearly 11 Hires were removed before the exudation finally stopped 
in connection with the commencement of X-ray treatment. Both 
patients gave negative tuberculin results, and repeated guinea-pig 
tests carried out on the exudates were negative for tuberculosis. 

In one important respect there was a fundamental difference 
between the two cases. While in the second patient the pleuritis arose 
in a previously compkiely healthy person, in the first case it occurred in 
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a paiicnl who 1 y. years earlier had been diagnosed as a ease of h m-. 
pLgramdomatosis in connection Avilh the histological cxaminalim. 
of excised Ivniph gland. While in the wise of the lattci. patient the 
connection k the pleuritis Avith the primary disease Avas a prion 
clear, in the former case llie continuous pleural exudation m an 
afebrile patient Avilh normal sedimentation rate constituted a diffi- 
cult diagnostic problem. Nor Avas it possible to make a definite 
diagnosis until more than a year had elapsed,. Avheii an enlaiged 
lymph gland that appeared in the course of the further deA'clopment 
of the disease Avas extirpated and subjected to microscopic e.xami- 
nation. 

The second ease illustrates Iioav an exlraglandnlar Iginphogranu- 
lomalosis occurs as an at least apparently indcpendcnl clinical disease 
with symptoms from the pleura. From this A'iewpoinl alone a fairly 
detailed casuistic, mention is justified, since a pleural reaction of this 
kind has to the best of iny knoAvlcdge not prcAu’ousIy been described 
as the first clinical manifestation in a case of lymphogranuloma- 
tosis. 

Of particular interest arc the diagnostic possibilities offered bp 
thoracoscopy. in llic two cases. In the insjiection of the pleural caA'i- 
ties performed in connection Avith the centeses carried nut it Avas 
tlioracoscopically possible to c.xchide tuberculosis as a cause of the 
pleuritis. Pleura parictalis Avas only slightly reddened, no lyjhcal 
tuberculous nodules Avere to be observed, in the ])Ieural caA-ity it Avas 
not possible to demonstrate eillier fibrin patches on the surface of 
the lung or fibrin sails betAveen the lung and the thoracic Avail. The 
changes visible in the thoracoscope were localized to limited regions 
on the pleural cavity. In the fir.sl patient the clianges were chiefly 
demonstrable on pleura diaphragmatica. Avhere yellow-while, 
tumour-like formations varying in size from that of a henyi-.sced to 
that of a walnut Avere oliscrved. In flic .second case, there Avas on 
pleura visccralis, especially in the back part of the inferior lolie a 
similar, tumour-like infillration, though here it Avas more a matt’er 
of small nodules. In the case of the latter patient one must take 
into account the fact that the pleura had been involved in the pro- 
cess from lymphogranulomatosis foci in the lung. In the first case. 

the seal of ll,c cliaiigc, it ispossihlc lhal Ihc disease had reariie,! 
the pleura frou, orga.. of ,„e abdomen. These (no palienll u!„' 
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represent pleural lymphogranulomatosis of two of the types describ- 
ed by Verse and stated by him to be characterized in the one case 
by small nodular formations and in the other by larger, knottier 
changes. 

The macroscopic appearance of the changes in the pleura ob- 
served in both these cases was such that, especially in considera- 
tion of the greater frequency of the malign tumours, there was in 
the first place reason to suspect cancer. In the second patient, where 
the pleurally demonstrable change was at first the only manifesta- 
- lion of disease, the cancer diagnosis was in the earlier stage of the 
illness regarded as probably correct. Certainly, the large number 
of eosinophile cells in the pleural exudate might in this case have 
drawn attention to the possibility of lymphogranulomatosis; but 
no cell elements that could definitely support this diagnosis were 
found. 

A valuable addition to the cijtological diagnostic possibilities 
^Yas provided by Wihman's method of enrichment, Avhere the chances 
of demonstrating typical cells in histological preparations from the 
sectioned exudates are considerably greater than in direct pre- 
parations. The giant cells typical for lymphogranulomatosis were 
not, however, found in enriched preparations from either of the 
cases. The slight amount of fibrin, the moderate number of endo- 
thelial cells and the large number of leucocytes constituted a defi- 
nite contra-indication as regards tuberculosis, and tended to streng- 
then the suspicion of tumour. Cytologically, ho^Yever, both the cases 
must be referred to the group of rare forms of pleural discharges 
in which the examination of the exudate does not permit of a sure 
diagnosis. But one cannot accept as generally valid the view put 
forward’ in Ratkoezy’s monograph, that the microscopic examina- 
tion of the exudate does not lead to any characteristic finds. 

A diagnostic method that in direct connection with the draining 
of the pleural exudate enables one to form a definitive opinion of the 
nature of the obsen^ed tumour formations is Avith the help of the 
thoracoscope to make a test excision in the pleural region mani- 
festing morbid changes. If this had been done in the second case 
all doubt as to the real nature of the tumour-like pleural formation 

would soon have been dissipated. 

The treatment of the changes in the pleura does not, of course, 
differ from the accepted therapy for other lymphogranulomatosis 
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localizaUons, Tlie possibilities ot ray Itcolmcnl wore 
both cases. The etfect was extremely favm.rable m. Ihe P'^ 
ptom complex. The mUmrirng cMdalion hegan f?'"'"' > 
prajrcssioeip to recede. The interval between the dramings 1 «aim 
longer, nntil ccntcscs became snperflnous. nuniig Ihe. laler sUigc o 
the disease there were, in neither ot the two eases any signs indiea- 
live of a relurn of the pleural process. The period during winch the 
second case was under observation was about o years after the 
disappearance of Lhe pleural syniploin complex. 


Summary. 

An account is given of two cases of lyinjihogramilomatosis ma- 
ligna. in which .symptoms from the pleura dominated the elinicnl 
picture during one phase of the disease. A detailed account is in the. 
one case motivated, if for no other rea.son. by the fart that as far as 
is known to the author symjitoms from the jdeura have not pre- 
viously been described as the first clinical manifestation of pprimarvt' 
exlraglandular lymphogranulomatosis. In both ea.ses the pleuritis 
showed agreement with the reaction of the pleura in malign tumour, 
especially in the circumstance that in eonneelion with Ihe cenle.ses 
carried out the exudation showed a strong tendency to rapid rcci- 
divalion. Also thoracoscopically the picture agreed with the changes 
that are generally observed in eases of malign tumour in the pleura. 
The diagnostic possibilities presented hy thoracoscopy have jindi- 
ably not been sufficiently taken into account in the past. Cytologic, 
examination, especially of histological preparations of the exudate 
produced with methods of enrichment, ami lost oxeisions under- 
taken in the changed pleural region with the helj) of a Ihoraeos- 
co'pe, are also methods of investigation that should not he left 
untried in cases in which Inmonr-like jilenral changes constitute 
difficultly iiUcrprclable diagnostic problems. 
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Introduction. 

Pre-excitalion (Ohnell), previously known as the Bundle of Kent 
or Paladino-Kcnl, or the syndrome of WoIlf-ParldnsonAYlnie 
(WPW), lias till now been considered a rare phenomenon in the 
•electrocardiography, as until the end of 1944 only .■>00 such caso.s 
were published in the literature of the world. Among Ihcnt wore 
Kissanen’s 4 cases from Finland in 1939. The Swede Ohnell's 
thorough investigation during the last years sliows, liowcvcr, that 
the phenomenon is not uncommon, which is proved by the fact 
that he found 70 cases of pre-excitation, while the Danes Morlenscn, 
Nielsen and Esldldscn discovered 45 cases in the same year. Ohnell 
mentions that e.g. among 300 electrocardiogi'ams taken monthly at 
the Karolinska sjukhuset an average of one pre-excitation case was 
noted. This figure, however, seems very high compared with the 
statistics of frequency \vorked out by Morlenscn and olbcrs. This 
may be explained by the fact that Ohnell includes among pre- 
excitation cases' also such ECG.’S which do not corrc-spond with Ihe 
earlier typical WPW picture and among which, for instance, types 
that have generally been called cxtrasystoles emanating from the 
upper part of I he av-node are found. Every medical .specialist havimt 
encountered now and then such types of EGG naturally under- 
stands tliat this phenomenon is not uncommon. 
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I shall not discuss the electrocar diagraphic and clinical picture 
of pre-excitation in this connection as Ohnell, Mortensen and others 
liave recently given a thorough explanation thereof in the columns 
of this paper. 

In the following I shall describe my own case as new aspects 
have arisen which justify this publication. 


Case report. 

JPaiieni; A peasant, aged 31, infantry soldier in front service. 

Diagn.: Myocarditis. WPW syndrome. 

In medical ward 3. 4.— 10. ll. 44. Discharged improved. 

Anamnesis. 

Heredity: Father died of heart disease at the age of 70. Sister suffers 
from heart disease, the nature of which is unknown to the patient. 

Previous illnesses: 9 years ago polyarthritis. 4 years ago gonorrhoea. In 
January 1944 an acute enteritis on account of which two weeks’ treatment 
in hospital. In February broncho-pneumonia, two weeks in hospital. 
Since J anuary pains in the right wrist, in which swelling appeared in April. 
Again sent to hospital, diagnosis: polyarthritis ac. Complications while 
in hospital, angina and at the end of April sudden inflammation of middle 
car which was noted cured on the 2. 5. 44 in the records. Somewhat later 
a sinuitis appeared, cured 15, 5, 44. Sedimentation reaction, which at tlie 
end of February bad been 5 mm/li, was on April 1st, when admitted into 
hospital, 19 mm/h and rose 14. 4. 44 to 120, then sinking to 11/32 mm in 
34 h. on 18. 5, 44 when the first heart symptoms appeared. Thus multilateral 
injcctional anamnesis . 

Anamnesis of the heart: The patient had never felt any pains in his heart 
before. On 18. 5. 44, when leaving hospital on convalescence leave, the pati- 
ent’s heart suddenly began to beat wdien carrying heavy equipment. He 
felt stitches in-.the region of his heart and a dizziness in his head. The 
attack lasted for about 10 min. On the way home from the train the pains 
%vcre' renewed. When walking he felt a pressure close to his heart and he 
was short of breath. At the same time he felt dizzy and a headache came 
on. The patient had to stop and rest very frequently bn account of the 
pressure on his heart. At rest the pains were absent but when the patient 
started work again after a w'cek in bed the pains returned and he even 
fainted once in the fields. The pains were probably due to a myocarditis 
that had set in some lime before. 

Status. 

Immediately after returning from leave, on 10. 6. 44 (that is 3 weeks 
after heart symptoms had set in) the patient was sent to a medical war 
to be examined. His state was as follows: 
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St. univers.: General condition good. Subcutaneous tissue not reduced. 
• Glandule thyreoidea ordinary. Tenderness in right wrist, no crepitation, 
no swelling. 

App. nerv. Mental state: very sensitive. Kervous and restless. Dermo- 
grapliy slow. No tremor. Skin, achillcs and patellar reflexes ordinary, sym- 
metric. The pupils equally large, round, middle sized, reacting to light and 
convergency. 

App. resp.: nothing special. 

App. dig.: One carious tooth. In throat and tonsils no signs of inflam- 
mation. Ewald’s meal 110 cm® badly digested. HCl: — , TA: 34. 

App. circ.: Pulse regular, not celer, not tardus, middle sized. Frequency 
70/mia. Arhythmia respiratoria. Blood pressure 150/100 mm Hg. Heart 
tones rather strong and sonorous. No accentuations, in apex a systolic 
murmur. Fluoroscopy; nothing special. 

Sedimentation rate: 8 mm/ln WaR; — , Kahn; — , Kristenson; — , 

In blood slight removement to left only posit, finding (staffnuclcar 
leucocytes 6 %). 

Blood sugar: 0.080 mg %. 

Urine; Nothing special. Faeces; nothing special. 

ECG 10. 6. 4i: see picture 1. 


Picture 1. 

h irst eleclrocardiogroin. 


I 


II 

HI 




Rhythm regular. Frequency 100/m. 

PQj: 0.07 sec. QRSj: 0.12 sec. R,; 1 7 mV 

PQ ''-VlV''' S'" l-Sn.V 

PQ„ 1 . 0.16 sec. QRS„^: o.07 sec. R„j; mV 

ST,_„: negaUvo, T,; isoeleclr.. posit. 

(According "to Ohndpf cSsdilttbV slope ; 8 mV/s 
Model 1944.) ' ^ sliould belong to Pro 
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Summary: anamnesis and auscultalorial finding indicate iviyo- 
carditis, and in addition to this a slight hypertonia and a sensitive- 
ness in tile vegetative system. 

Decursus morbi: 

The patient was treated first with acid, phaenylaelhylbarb. 0.03 x 3. 
In ECG:s taken during a month the same changes as in the first ECG always 
appeared even if small changes in the shape of pre-ex. wore observed. 
(Picture 2). 


Picture 2 . 


Changes in picture of pre-excitalion. 
(1. — 13. 6.44; 2.-26.6.44.) 

1 . 2 . 



1. Rhythm regular. Frequency 100/min. 

PQj: 0.07 sec. QRSj: 0.11 Rj: 1.5— 1.6 mV 
PQ„; 0.11 sec. QRSjj; 0.11 Rj^: 2.0 mV 
PQj„: 0.10 sec. QRSiji: 0.11 Rm: 1.1-1.2 mV 

Initial slope 8 raV/sec. Pre-ex appears for the first time in ECG also 
in III lead. 


2. Rhythm regular. Frequency 120/min. 

PQ,; 0.07 sec. QRS,; O.IO-O.U sec. R, : 1.4— 1.5 mV 

Pq!,; 0.11. see. QRS„: 0.12—0.13 sec. R,,: has not been measured 

PQti f * see. 


0.13 QRSm: 0.10—0.11 sec. Ruj: 1.5 mV 


Initial slope in I lead 12 mV/sec., II lead 2— 8 mV/sec., Ill lead 2 4 
mV/sec. Thus the variation in the same lead is remarkable. 

Not until the elapse of 1 % monUn is an electrocardiogram recen 
in which no pre-excitation appears. (Picture 3). 
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No prc-cxcitolion in ECG, 


5G7 


II : ■'■■ •, 


HI 





Rhythm regular. Frequency ICO/inin. 

PQIj—iji; 0.15 sec. QRSj.- 0.05 sec., QHSj,_ijj: O.OCsec., Rji O.-l mV 
Rjj: 2.1 mV 
Rjjjrl.S mV. 

At the same time the appearance of tlie plienomenon i.s, howe- 
ver, still rather unstable. It may appear when taking llic same 
ECG (luring different leads, and partly in the shape of a bigeminy.’ 
(Picture 4). 

Picture 4. 

Prc~excilalion in I lead only. 



ECG a normalization of the pre ox 'om ' taking (ho 

a hjgeminic shape. ^ having passed tlirongh 
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Summarizing (he above mentioned facts we may say that pre-ex. 
seems to be of a rather unstable nature, and may appear in ECG:s 
taken at different times, in various forms. 

During his slay in hospital the patient had no subjective symp- 
toms. But wlien getting up, pains in the chest, around the region of 
the heart and a feeling of pressure set in, specially when straining 
himself. Signs of heart insufficiency were not observed. The blood 
pressure varied beUveen 150/100—170/110 mm Hg. The sedimen- 
tation rate remained all the time under 7 mm/h. After^about two 
months the systolic murmur had disappeared. Renewed fluoroscopic 
cxaniinations brought to light (even after 3 months) signs indicat- 
ing myocarditis. 

Experiments on appearance and disappearance of pre-exciiaiion. 

Appearance and disappearance in various ways of pre-ex. ha\e been 
recorded in lileraUirc (Cf. Lepesebkin, Chnell). It has been caused to 
disappear by exercise causing acceleration of the heart frequency, amyl- 
nitrile, vasocordrin, atropine, carolis and hulbus pressure, quinidine, after 
lliyreoidectomy and tonsillectomy, lying on the left side, by slropbantine, 
digitalis, and spontaneously, during fever, when standing up and while 
liolding the breath. Bui it has been caused to appear also after exercise, 
by carolic pressure and while breathing deeply. According to some obser- 
vations exercise did not have any effect. 


My personal observations. 

1. Spontaneous appearance and disappearance. 

It has often been observed that pre-ex. appeared in one or two 
leads, generally in I and II, and disappeared already while taking 
the third lead (See pictures 2 and 4). 

2. Exercise test. 

Three tests have been undertaken at different times. Kneebend- 
ing 10 — 15 times was used as exercise. In the first test pre-ex. 
appeared immediately after exercise in the shape of bigeminy 
and disappeared again after 5 min. (Picture 5). In the second test 
it appeared similarly but disappeared after 3 min. and in the third 
test it appeared only in I lead and disappeared when II lead was 
being taken. 
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Picture 5. 
Exercise test. 


A. Bcjorc exercise. B. Ajlcr c.rcrcise. 



Immediately after exercise pre-ex. appears diinng J lead in 
which throe different beats are seen. In the II lead the attention 
is directed to llie double indentation of P which has not appeared 
previously. The rhythm is regular. Frequency 120/njin. 

3. Positions. 

Pre-ex. does not disappear when resting on the left or the. right 
side. After standing up PQ time remains unchanged but QRS is 
shortened from 0,13 sec. to 0.10 sec. • ' 


4. Biilbus pressure. 

In picture 6 pre-ex, disappears during pressure. 


Picture 6. 

Bulbils pressure. 

Before pressure. B. During pressure. 

"’f 

alter which there is a pause ot 2 0 scLl n "l" ' 

pears, but pre-ex. heals still appe,ar , 'iil 
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(I Lead) 

Fcon immediately after S in the heats. The R— R period varies slightly: 
1.85 — 1.30 sec. A lower nodus rhythm is thus in question. 

5. Medicines, 

The obvious effect of llic bollnis pressure exciting the vagus 
gave rise to experiments with medicines tliat are known to influ- 
ence the vegetative nervous system. The following medicines were 
used, the effect of vhich arc mentioned within brackets: 1) adrena- 
line (excites sympalicus), 2) crgolaminc (calms sympaticus), 3) ace- 
lylcolinc (excites vagus) and 4) atropine (calms vagus). 

1). Adrenaline 0.3 cm''* (1: 1000) was administered intravenously 
(Picture 7). 


Picture 7. 

Adrenaline lest. 

A. Before injcclions. B. After infections. 

In the EGG taken immediately after the injection pre-ex. beats conspi- 
oiously differing in shape from the previous beats are noticed. The shapes 
observed in the first beat arc still comparable with those noticed during 
bulbus pressure (sec picture G). During 111 lead they change gradually in 
the slalive direction. .‘Appearances are similar in EGG taken 1 min. after 
injection. Attention is especially directed to shapes in II lead in which 
there is a wide QRS (0.17 sec.) and a deep T. After 8 minutes EGG is again 
normal. 

In a renewed test in which the patient receives subcutaneously 0.5 
cin^ adrenaline, tlm pre-ex. that before, the lest had appeared in the shape 
of a bigeminy remained nnclianged for 5 min. but has disappeared in EGG 
taken after 15 min. 


ON P,RE'EXC1TAT10N. 

A 
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2) Ergotamine (Gynergen, Sandoz) 0.00025 g was administered 
intravenously. (Picture 8). 

Picture 8. 

Ergotamine test. 

A. Before infection. B. After infection. 

Pre-ex. appears in every boat botorc the lest. Alter one min T 
beeomes lowr. m the II lead the barb „t the rising part bccom;s S 
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I 

II 

III 



J m After 3 min. the barb has become 

Jislmct and Q becomes deeper m in 

Still more distinct and Qm dc P test the 

This means that 170/100 to 140/100 mm Hg. Nausea and 

blood pressure decreased from / p^tse frequency 

“etirirm^^ 'Thus a paradoxical effect of ergotamme is 

,ere in question. (Cf. Nordenf^ _ itilramuscularly in dose of 

0,1 ECGt^n'^ana .aier did pot sbo. any Cear 

d“S“' . 0 0005 S svas admWstoed inlravepously. (Kc- 

4) Airopinc, O.OOUb g 

ture 9) . Q 

’r»:.«4-nr*o 


A. 


Airopinc 

Before injcclion. 

A 


test. 

B. After injection. 
B 



r nrr taken 3 min. alter injection 
^“^r^r."atb»" disnPPO- again e min. iater. 
appears m ovtij 



ON PRE-EXCITATION. 

In a second test, in.Avhich pre-ex. occurred in every beat before 
the test, an injection of 0.0007 g atropine intravenously caused 
no changes in ECG. 

5) Calcium chloride, \0m\ (10 %) injected intravenously. Before 

test no pre-ex. No changes to be observed. 

G) Quinidine is administered in tablets (0.1 X 3) during two 
weeks. During cure pre-ex. cannot be brought out but appears 
again one week after treatment has been stopped. 

° 7) Bellergal (Sandoz), one tablet 4 times a day. After 2 and -4 
days pre-ex. does not apiiear in ECG and the patient declares that 
he has no more pains and feels quite well. 

Summarizing the above-recorded tests we find that, at least 
in. this case, the phenomenon has been ver}’^ unstable, appearing, 
and disappearing spontaneously in the different leads of ECG 
pictures. In three exercise tests it appeared regularly although 
the duration differed from about 20 sec. to 5 min. Different positions 
were not found to affect it. It was caused to disappear by bulbus 
pressure. The most conspicuous effects seem to have been obtained 
by adrenaline, which caused it to appear immediately after an 
intravenous injection, wliereas ergotamine and acetylcoline did not 
cause a disappearance. Contrary to previous observations, pre-ex. 
could be caused to appear by atropine but not to disappear. It. 
could not be produced by CaCl^. Quinidine and Bellergal taken per 
os caused a disappearance. 


Discussion. 

Both myocarditis and the sensitiveness of the vegetative ner- 
vous system seem to have a part in the phenomenon. A fact that 
cannot be ignored is that as no ECG was taken before the appear- 
ance of myocarditis, the possibility remains, of course, that the 
parent had suffered from pre-ex. earlier, although no subjective 
pains appeared. Is the pre-ex. in this case caused by myocarditis or 
is It a find at the side of or in connection therewith — that remains 
unsolved so far. Anyhow, it appeared as more stable at the begin- 
ning of the myocarditis than later on. 

Tlie experiments recorded ahove have all the same shown that 
the aympaticus-parasyinpaticns effects seen, to be rcmarhable in 
the phenomenon. The influence of Bulbus pressure and Bellergal 
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on the one hand, and of adrenaline and atropine on the other, in the 
appearance and disappearance of pre-ex. have been obvious in my 
case. No results Avere, however, attained with ergotamine and 
acelylcohne. 

Although conceptions of the mechanism of the effect of the sym- 
palicus and the vagus concerning the activity of the specific muscle 
complex of the heart are still confused in many points, it may, 
however, be considered fairly certain that the sympaticus possesses 
a promoting influence on all its qualities, i, e.^chrono-, bathmo-, 
dromo-, and inotropic qualities, whereas the vagus has a checking 
influence. Still, it must be said that the vegetative nervous system 
forms a firm complex in which e. g. the above mentioned medicines 
may influence both components (Cf. Nordenfelt). The bulbus pres- 
sure is generally considered to be the excitator of the vagus. In my 
case the effect of it corresponds with previous observations (Ohnel), 
Lcpeschkin): it causes the disappearance of pre-ex. Special notice 
nuisl be attached to the shortening of QRS (Picture 6) during pres- 
sure and the simultaneous rise of T. Only one normal shape can be 
produced in between, but instead a lower nodal rhythm appears in 
which beat an exceptionally high T-wave is noticed. What is the 
explanation of this {)nenomenon‘? I cannot here enter upon the 
various hypotheses that have been brought forward as to the origin of 
pre-ex. Ohnell has given a good and concentrated report on them 
in his last publication. In my own case I consider the following 
explanation to be acceptable; a new excitation centre has arisen in 
the auricle perinodally or in the upper nodal, Avhich causes as hort- 
ening of PQ time. The excitation moves normally more quickly in 
the His Bundle and Tawara Branch and the ECG shows a picture 
resembling an arboralion block (see picture 1, I and II beat).- While 
the vagus is being excited (see picture 6) an excitation of the 
branch is gradually produced and ECG approaches the normal. In 
one area the secondary centre of excitation capacity ceases and is 
replaced for a moment by a sinus beat the characteristic of vhich 
is a seemingly normal beat. The situation still being rather unstable, 
the (para-)nodal rhythm is allowed to dominate for a moment 
until, the bulbus pressure continuing, a lower nodal rhythm replaces 
it, in which the P-wave appears after S v'liich, again, may be 
explained as a sign of an excitation in tlie ventricles retrogradically 
caiised by the nodus, although it is positive as well. 
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Thus, ^Ye may in this case consider the appearance of pre-ex. 
picture due to an excitation centre in the perinodal or upper part 
of the nodus which has taken the place of the sinus node and that 
the excitation moves more quickly in the one half of the Bundle of 
His and in the Tawara Branch. Probably the myocarditis has, just 
in this case, been a factor causing this phenomenon. On the other 
hand we may think that the myocarditis, while injuring the one 
Tawara branch, may, on account of the retardation of the excita- 
tion, create a typical )>Veispatung» picture. But if this were the case, 
why should the excitation of the vagus, which should retard the 
excitation still further, bring about a normalization? 

It is also possible that in the other side ofthe a-v-system exhaus- 
tion would appear, which would cause the changes in the ventri- 
cular part. The equal changes in QT are to be found in nodal extra- 
systolia. 

The increased sympaticus tonus seems to cause a sensitive 
functioning of the centre as shown in the adrenaline test. We know 
that tlie influence of adrenaline on EGG (Vesa, Hochrein, Lepesch- 
kin) causes increased alterations in the origin and appearance of 
excitation which then appear, for instance, as auricular and ventri- 
cular extrasystoles, changes of sinus rhythm into nodal rhythm 
(note the effect of bulbus pressure in my case), and the shortening 
of PQ and QRS. In my adrenaline tcst(piclure ) we observe imme- 
diately after the injection, in lead I, when the frequency is fast 
(120/min.), lesser alterations in the ventricular complex than later 
on when the frequency is only 60/min and when the changes in 
QRS are particularly noticeable. Tliey may surely be due to an 
already beginning relative coronarial insufficiency caused by adre- 
naline (Vesa), in which case they are also affected by the retardation 
of the excitatory appearance in the ventricles. According lo Vesa the 
adrenaline first causes disturbances in the appearance and origin of 
the excitation and secondly symptoms of coronarial insufficiency. 

sThe fact that the increased sympaticus tonus — this lime by 
indirectly lowering the tonus of the vagus — produces the phenome- 
non, is a kind of evidence of the effect of atropine. Possibilities of 
spontaneous appearance should here be taken into consideration. 

Ihe favourable effect of Bellergal in my case must probably 
e explained by the fact that it generally effects favourably the 
disturbances in the vegetative nervous sj’stem. 
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Summary. 

The author introduces a case of pre-excitation in a man of 31 
years, in whom the typical EGG changes were noted in connection 
with inflammation of the heart muscle (Picture 1). In addition, the 
patient showed signs indicating unstableness in. the vegetative 
nerves, and a slight hypertonia. In EGG prg-excitation appeared in 
different beats somewhat varying in shape (Picture 2) and either in 
every beat or in the shape of bigeminy (Picture 3). The phenomenon 
was msiabk and appeared or disappeared spontaneously (Picture 4). 
Different positions did riot affect it. Pre-excitation appeared in 
three tests immediately after exercise and lasted from 20 seconds to 
5 minutes (Picture 5). Bulbas pressure caused a disappearance and 
nodal rhjThm appeared instead (l^icture 6). Pre-excitatiori was 
caused to appear by adrenaline (Picture 7) and contrary to former 
observations also by atropine (Picture 8). Quinidine and Bellergal 
administered per os caused a disappearance. Acctylcolin and CaCl 2 
did not affect the phenomenon. 

The etiology and pathogenesis of the phenoinenon have been 
discussed. 
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The effect on muscular temperature produced 
by cooling normal and ultraviolet radiated skin. 

By 

H. I. BING, ARNE CARLSTEN and SV. CHRISTIANSEN. 
(Submitted for publication Jfarcli 19, 1915). 


According lo Buchlhal and Lindhard (1944) the Icmpcraliire of 
striated musdes in liunian beings varies in different muscles from 
32.8° C— 36.8° C. 

If a piece of meat is for several hours heated in an incubator at 
37° C and subsequently placed at room temperature, tlic tempera- 
ture of the meat, measured at 3 cm boucath its surface, deeveases 
very quick!}'. In one experiment the fall in temperature amounted 
to 3.4° C in 17 minutes. 

In men and homoiothcrmic animals the body temperature is 
kept constant by means of a special regulating mechanism. 

Tlie temperature of a re.sling muscle in the intact homoiothermic 
organism is prevented from dropping to the level of its siirroundings 
by: 

1. the heat derived from the metabolism of the muscles and 
the blood circulating through tlic muscular ve.s.scls, and 

2. the isolatory poAver of the integuments surrounding the 
muscles! 

It may therefore be assumed that it is the heat derived from the 
blood flowing through the muscles at rest, which hc-sides the muscle 
metabolism, is of importance for maintaining muscular tempera- 
ture. The covering integuments act both as a passive insulator and 
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as a sort of heated mantle, due to the blood flowing through skin 
and subcutaneous tissue. If one or more of the elements in the 
system fails, it may cause cooling of the muscles. Whether the 
cooling of the muscles alone, or in combination with other factors 
may cause symptoms of different kinds and in some cases the deve- 
lopment of real disease, is still a matter of Conjecture. It is neverthe- 
less a fact that in some cases acute discomfort and even disease 
may follow local cooling of moderate intensity. 

Hence it may be of interest to study the mechanism of the 
cooling reaction in the muscle under various conditions. An inves- 
tigation of the possible existence of a defence mechanism against ' 
cold W'oiild seem to be of special interest. 

Besides the wmrk of Buchthal and Lindhard, Lipross (1942) has 
published a rather extensive article on the influence of various 
lands of physical therapy on tissue temperature. In some cases he 
has measured the muscle temperature after the subject had been 
exposed to different kinds of physical treatments. Although the 
worlc comprises some interesting observations, it is not possible 
to draw general cohclusions from it, as tlie greater part of it is 
based on a few single observations. 

In a previous paper Bing (1943) has published measurements 
of muscular temperatures before and after ultraviolet radiation of 
the covering skin. He found the muscular temperature higher for 
several days after one or more exposures to a mercury-quartz lamp. 
This can be explained either by assuming a reflectory dilatation of 
the muscular vessels beneath the irradiated skin or by a lowered 
heat conduction through the skin, depending upon some change 
in the properties of the skin not necessarily caused by erythema. 


Technique applied:. 

The muscular temperature was measured by means of a thermo-needle 
w'hich is described by Buchthal and Lindhard (1944) in their paper cite 
above (2) . The thermo-currents were recorded by means of a light-spot 
galvanometer, the sensitivity of which was 3 x 10'~® amp. per scale unit 

the inner resistance being 42 ohms. 

The deflections of the galvanometer showed a linear variation with the 
temperature differences between the two solderings of the thermo-needle. 
The thermo-needle has been inserted into the muscle 3 cm deep. The 
subject was placed either sitting comfortably in a cliair or laying on a 
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dretcher. In model experiments it could be demonstrated that tcmperalure 
differences applied to the proximal end of the cannula produce an eloclro- 
motive force of short duration. This error was overcome by insulating the 
cannula shaft bv means of a celluloid mantle. Other experiments, some 
with subjects, have shown that heat conduction through the needle need 
not be considered. (This depends on the great heat capacity and relatively 
good heat conducting properties of the surrounding tissues. In air, which 
is a very poor conductor of heat and has a very small heat capacity com- 
pared to muscular tissue, heat conduction through the needle, however, 
influences the results considerably). 

In some experiments the temperature of the skin covering the muscle 
investigated was measured by thermo-couiiles of the same kind as those 
used by M. Kielsen (193S). 


Experiments: 


In most cases the temperature of the biceps brachii has liceii 
examined. In a small number of cases the lemperaiure of Die rec- 
lus femoris lias been recorded. In most of our expcrimenls wc have 
obsen'ed a marked fall in muscular temperature during llie first 
15 inimiles after inserting the needle. This confirms the obsen'a- 
tions of Buchllial and Lindhard (1944). The gradient is very sleep 
during .the first 15 minutes and from that time onwards the steep- 
ness decreases considerably and in some cases approximates con- 
stant values. 

The decrease in muscular temperature is probably clue to the 
diminished heat production and to the increased heat loss from the. 
extremity examined whicli is at rest and bare during the whole ex- 
perimental period. An increased heal loss due to conduction through 
the thermoneedle is as staled above higlily improbable. Therefore 
the tliermoelectrically rccoz-ded lemperatm-es' represent the time 
variations of inlra-muscular tcmperalure rather faithfully. 

A piece ofice, and in some cases a .small bag filled with ice, was 
used for cooling a skin area of usually 4x3 cm. The skin was 
cooled for a period of 5 minutes. Tlie temperature of the muscle 
was recorded at least 15 minutes before application of the ice. 

The recording was continued at least 20 minutes after the icc had 
been removed. 


In 15 out of 54 subjects examined the muscular temperature 
not recorded during the cooling period, it being impossible 
recpid the temperature of the part of the muscle situated 
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exactly beneath the cooled area. In these 15 subjects the thermo- 
needle was removed and the ice placed directly over the spot where 
the needle had been inserted. After cooling the needle was reinser- 
ted in its old place. The observations showed that the fall in muscu- 
lar temperature directly underneath the cooled area was much lar- 
ger than in the adjacent parts of the muscle, which were not cover- 
ed by the ice. 

In 10 out of 23 subjects in which the temperature was recorded 
during the whole experiment, a rise amounting to 0.5° C was 
obseiwed at the beginning of the cooling period. The temperature 
rise lasted in most cases not more than 3 — 4 minutes and was fol- 
lowed by a fall. (Fig. 1). 

If cooling at moderate intensity was employed, the temperature 
rise during the first part of the cooling period could be observed in 



Temperature of 

^ the muscle is cooled i\ith ice at . 
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Til subjects examined. The cooling Avas produced by passing an 
air-current of 22° C over tlie skin. The air-enrrent Ava.s produced by 
ao eleclrolux vacuumcleaner. 

During the Avhole excriment the temperature of the skin area 
cooled and of the underlying muscle Avas recorded. 

The temperature of the skin dropped during 5 min. of passing 
the air-current from 31.3° C to 21.2°. SimuUancously the tem- 
perature of the underlying muscle rose 0.3° during the first 3 minu- 
tes of the passing of tlie air-current and after the first 3 minutes 
had passed a decrease of muscular tcmporalurc amounting to 1° C 
in 5 minutes Avas recorded. 

If the circulation of tlie arm had been arrested licfore starling 
the air-cuiTcnt the muscular temperature did not rise at all. On the 
contrary a steady decline in muscular temperature could be obscr\'- 
edfroni the moment tlie air-currcnl Avas turned on and conlinued 
for 5 minutes after the air-current bad been turned off. 

In model experiments and measurements of the tcmjieraturc 
of a piece of meat, no rise in temperature could be obscn’cd Avhen 
blowing an air-current over tlie surface, technical cn'ors thus being 
excluded. 

The obsemd facts seem to fit the folloAving explanation: The 
cooling of the skin produces at least during llie first minutes an 
increased blood flow through tlic muscle (aIz. Avliile the skin tem- 
perature is falling the muscular temperature rises.) Tlie reason for 
tin's phenomenon not being constantly seen when cooling Avitb 
ice, may be that tlie amount of heal lost during the cooling period 
is so much larger than Avlien applying an air-currenl, that the effect 
of a dilatation of tlie muscular vessels is obAualed. 


Cooling reaction in subjects with normal, untreated skin. 

We have recorded the leniperalurc variations of the biceps 
brachii in 48 subjects. 

In 6 persons an initial temperature rise was found. In all 48 
subjects the temperature fell in 5 — 10 mimiles after cooling liad 
been discontinued. After the temperature had reached a minimum 
It again rose slowly and did not reach its original level until the 

close of the experiment. 20 minutes after the end bf the cooliim 
period. 
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1. Temperatures recorded directly underneath the cooled surface (dh 

continuous rebordinff). ' 

The decliae in muscular temperature caused by cooling varied 
widely. In some subjects it was only a few degrees C wliile in othere 
a fall of more than 10° C was observed. The largest fall in tempe- 
rature recorded was 12.2° C. The material showed a continuous 
transition from shallow and small decreases in temperature to 
steep and deep falls. The extremes being 1.6° C and 12.2° C res- 
pectively and the mean 4.4° C. The observations did not sIioay any 
tendency of grouping themselves either in a group comprising only 
small temperature falls or in a group containing only deep and 
steep falls. 

2. Temperatures recorded during the whole observation period close 
to the cooled area (continuous recording). 

The biceps brachii of 23 persons were examined. The tempera- 
ture curves recorded were distributed in a similar manner as in the 
observations previously cited, there being a continuous transition 
from no decreace in muscular temperature at all to a fall of 5.7° C. 
The mean was a decrease'of 2.3° C. 

It is not likely that this very marked variation in individual 
reaction to cold can be explained by differences in the thidjness 
of the integuments covering the muscle examined. Tire muscle 
investigated was the biceps brachii, the skin covering of which is 
rather thin and with practically no subcutaneous fat in the region. 
The distance from the surface of the skin to the muscle hence can be 
supposed to be nearly constant in all the subjects examined. 

To explain the differences by assuming individual differences 
in the metabolism of the resting muscle, seems rather unlikely. The 
most probable explanation appears to us to be a difference in the 
amount of blood flowing either through the muscle itself or through 
the covering skin and subcutaneous tissue. In the former case varia- 
tion in the individual temperature reactions would be caused by 
individual variations of tlie amounts of heat transported to the 
muscles from the blood. In the latter case the insulating power of 
the integuments covering the muscle, w'ould vary with the different 
amounts of blood flowing through tlm integnmental vessels per 
second, and thus account for the individual variations in the cool- 
ing of the muscle. 
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Ohservaiions on the mcchanisni of the cooling reaction in muscle as 
represented by muscular temperature. 

The question wlielher clianges in tlic circnlalion of the muscle 
or in the bloodflow Ihrougli the inlcgiimcnts account for the diffe- 
rent course of the muscular temperatures, is elucidated by the 
observations described in the following pages. 

Tlie effect which results from the cooling of the skin covering 
a muscle is only local. When the temperatures of the other bi- 
ceps or the m, brachioradialis on the same side were recorded 
simultaneously, no effect on the temperature of these muscles 
could be observed. (Fig. 2). 

By recording simultaneously the temperature in different places 
in the same muscle it was found that the sjn-cad of the temperature 
fall from the part of the muscle directly beneath the ice rapidlj’^ 
decreased when the distance from the cooled area exceeded 2 cm. 
In another series of experiments the effect upon the muscular 
temperature by obstructing the circulation to the muscle was 
compared to the effect of cooling the symmetric muscle. It was 
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Pig. 2. Temperature of the right biceps braciiii- . 

» » the left » (, ' _o-o- 
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the skin covering the left biceps brachii is cooled ^vith,ice. 
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Fig. 3. Temperature of the right m. brachioradialis: — o— o- 
» i> the^left » » 

At the skin covering the r. brachiorad. is cooled. 

The bloodflow through the left arm is arrested bet-ween the arrows. 

found that the fall .in temperature following obstruction of th 
circulation was much slower and not so steep as the temperaturi 
decrease observed after cooling. (Fig. 3). 

From these observations it can be concluded that the decline ii 
muscular temperature following cooling cannot exclusively depeni 
upon a contraction of the muscular vessels. 

The dilatory effect on the muscular vessels of adrenaline 
hydrochloride and amyl nitrite studied in a few persons, shows that 
the increase in muscular temperature produced by these agents 
never exceeds 0.7° C., thus showing that the temperature effects 
produced by variations in the lumen of the muscular vessels are of 

far lesser order of magnitude than the temperature changes recorded 

after cooling the skin covering the muscle. It is therefore reasonable 
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to suppose that the most important factor in llie decrease of muscu- 
lar temperature caused by cooling must be a direct cooling of the 
muscular tissue. The sldn and the subcutaneous tissues are not 
able to isolate and prevent a direct cooling of the muscles. 

The possibility of a reflectory contraction of the muscular ves- 
sels due to the cooling of the skin, was excluded by another series 
of obsei'Vations. 

The receptors releasing the supposed reflex must be sought 
for in the sldn. The skin to be cooled was accordingly anaesthetized 
by infiltrating it with 0.5 % novocain solution. The muscular 
temperatures beneath the anaesthetized part and at the correspond- 
ing spot in the symmetrical muscle were measured. The reaction of 
the muscular temperature on cooling both sides was observed. This 
arrangement had to be modified as the novocain infiltration produced 
a marked rise in the skin temperature Avhich frustrated the cooling 
of the underlying muscle. (Fig. 4). 

In the subsecpient experiment the 'skin was infiltrated with 
0.5 % novocain solution to which had been added 0,1 mg adrena- 
lin hydrochloride. The symmetrical non-anaeslhetized skin was 
infiltrated with 0.1 mg adrenalin hydrochloride dissolved in an 
equal amount of 0.9 % NaCl solution. Observations in 14 subjects 
made under these conditions did not show any difference in the 
cooling reactions on both sides (Fig. 5). 

These observations thus prove conclusively that no reflectory 
constriction of the muscular vessels can be caused by stimulations 
of coldreceptors in the covering skin. The observations made with 
a pure 0.5 % novocain solution seems to indicate that paralysing 
the cutaneous vessels prevents the cooling of the subjacent muscle. 
No erythema w’as observed under these conditions. 

The course of the temperature gradient: rnuscle-subcumneous 
tissue-surface of the skin has been examined by measuring the 
skin temperature and the temperatures of the subcutaneous tissue 
and muscle. When the skin is exposed to room temperature only, 
the course of the gradient is linear, the gradients: muscle-subcuta- 
neous tissue and subcutaneous tissue-surface of skin having tlie 
same inclinations and forming a continuous straight line. 

If the surface of the skin is cooled to a temperature of 0° C, the 
inclination of the tw'o gradients differs considerably thus forming 
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Fig. 5. A.S. Temperature of r. reel, femoris: 

I) » 1. » 1> — o — o — 

At 1. the skin covering the left rcct. fem. is infiltrated with a 0.5 % novocain 
solution containing 0.1 mg adrenalinhydrochloritlc. 

At 2. the skin covering the r. rectus femoris is infiltrated with an equal 
volume of 0.9% NaCl.-solution to which was added 0.1 mg adrenalin hydro - 

chloride. 

■ the skin covering the right muscle and the left muscle was cooled. 

a broken line the part of which representing the gradient subcuta- 
neous tissue-surface of skin showing much steeper incline than the 
part representing muscular tissue-subcutaneous tissue. 

Observations on skin irradiated with ultraviolet light. 

It is a well known fact that 'ultraviolet rays, after a very short 
inlervai, produce an erythema, the intensity and duration of which 
depend upon the dosis given and the sensibility of the skin. After 
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t)ie ernhema has disappeared in the course of some davs non 
Visible clianges in the reactivity of the cutaneous vessels may con 
tinue for a long time. Finsen (1899) has i.e. obserAmd more vigorous 
reactivity of tlie vessels of the radiated skin compared to the non- 
radiated, persisting for 6 months. In 10 subjects ve have studied the 
reaction to cold on the muscular temperature before and after 
ultraviolet radiation. The reaction-s have been compared with the 
untreated symmetrical side. The procedure Avas as follows: 


Table 1, 

Non treated arm. I I Treated arm. 



Temperature fall after coolinp the skin for 5 minutes. 8 subjects. 

1 week after the treatment with u. v. light. 

The cooling reaction was observed in symmetrical muscles. The 
skin covering one of these was subsequently treated with ultra- 
Adolct light, the skin area radiated being 30 cm^. The distance from 
the mercurv-quartz lamp being 10 cm, and the time of Irradiation 
2 % minutes (Fig. 6). 

The ultraviolet light caused a marked erythema, which gene- 
rally disappeared a rveek later. The cooling A\'as repeated 7 ^9 days 
after the u.v. treatments. The temperature fall on the irradiated 
side Avas considerably less than on the untreated side. In Iaao sub- 
jects the cooling experiments Awre repeated at interAmls of a Aveek 
for one month. The differences observed after this period Avere 
nearly of the same order of magnitude as those recorded a week 
after the exposure, even if an eiydhema had been present then 
Table 2. 



the effect o^' 


muscular temperature 


PRODUCED BV ETC. 
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Fig. 0. temperature of lire right biceps brachii-. — o— o— 

1 ) '■) the left » '> — 

The skin of the left upperarm was exposed to a mercury (luartzlamp a week 
precceding tlje experiment shown in the figure. 

At both mbicipitis brachii Averc cooled with ice. 


The.se observations indicate that the difference in the drop of 
muscular temperature due to cooling in the ultraviolet treated 
and untreated sldn, depends upon differences in blood flow through 
the covering integuments, especially the skin. The skin being 
more able to compensate the increased heat loss after exposure to 
ultraviolet light. - 

The appearance of the skin Avhen cooled, shows the following 
features. Immediately after cooling an erythema appeal’s which 
disappears after a time which varies in different individuals. In 
some subjects this erythema is followed by an anemia of the skin 
which may persist for several hours.. In these subjects a special deep 
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Table 2. 

H Non treated arm, IZZi Treated arm, 



Temperature fall after cooling the skin for 5 minutes, 
a = 1 Aveek after tlie treatment with u.v. light. 

1j = 3 weeks * » » » i> » o 

C = G » n n D »)>»■» 

d=7 » to » nnnt 

I = (^ 21 years old 
II = (5 73 » ” 


drop in imi.scu!ar teinperalurc could be observed. In the persons 
.slioAving tlie grealesl decline in muscular temperature a congelation 
of the 1. degree was seen. The congelation persisted for 4 days. 
Thi.s observation was confirmed in 4 experiments. It seems plau- 
sible that this abnormal reaction of the skin can cause pathological 
changes in muscular tissue. 

This view is confirmed by the special liability of the subjects 
Avho responded with the deepest drop in muscular temperature 
when exposed to cold, to muscular discomfort after draughts. 

Summary. 

1. The temperature of the biceps brachii has been recorded in 
54 subjects. The changes in muscular temperature upon cooling 
the skin covering the muscle were recorded. 

2. The same amount of cold applied to the skin produced a 
rather varied change in muscular temperature in different subjects. 
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In some cases the muscular temperature only dropped slightly 
^YhiIein others the muscular temperature showed a drop of 10°— 12° 
C The material did shoAV a continuous transition from practically 
no decrease to the considerable decrease in muscular temperature. 

3. Experiments indicate that the fall in muscular temperature 
is due to a direct cooling of the muscular tissue. 

4. Experiments with cooling of moderate intensity indicate 
that the muscular vessels respond to cooling by a dilatation. At least 
an increased bloodflow through the muscles examined could be ob- 
served. 

5. Reasons are given for believing that this is also the case 
when cooling of a more severe intensity is applied. 

6. In experiments it has been conclusive!}’- proved that no 
reflectory constriction of the muscular vessels occurs when cold 
is applied to the skin covering the muscle investigated. 

7. Evidence is brought forw’ard to support the vie\v that the 
magnitude of the temperature drop observed in muscles when 
cooling the covering skin depends upon the bloodflow through the 
covering skin and the subcutaneous tissue. 

8. Observations on subjects whose skin had been treated with 
ultraviolet hght support this vieAV. 
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